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verjnis  Riveted  Bridges.  Modern  Gas  Engine  Practice.  Fox's  System  of  Solid- 
pressed  Steel  Waggon  and  Carriage  Frames. 

Proceedings  op  the  United  States  Naval  Institute,  Annapolis,  M.D., 
Vol.  XVL,  No.  3, 1890.— Navy  Boats.  The  Howell  Automobile  Torpedo.  Desertion 
and  the  Bertillon  System  for  the  Identification  of  Persons.  Naval  Training.  No. 
4. — Protection  of  the  Hulls  of  Vessels.  System  of  Naval  Training  and  Discipline. 
The  Movements  of  the  Atmosphere.  No.  5,  1890.— Introduction.  Annapolis 
Armour    Test.      Report   of    the   Board   on   the   Competitive    Trial   of    Ai'mour- 
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Plate.  Appendix.  Vol,  XVII.,  No.  1,  1891. — Enlistmeot,  Training,  and  Organisa- 
tion of  Crews  for  oar  New  Ships.  Notes  on  an  Experimental  Ammanition  Cart. 
Seacci's  Ballistic  Equations.  Angle  of  Elevation  in  order  that  the  Trajectory  in 
Air  shall  pass  throngh  a  given  point.  Target  Practice.  Electrical  Connter  and 
Shaft  Bevolation  and  Direction  Indicator.  Vol.  XVII.,  No.  2. — Disposition  and 
Employment  of  the  Fleet.  On  a  Method  for  Calculating  the  Stability  of  Ships. 
High  Explosives  in  Warfare.  Proposed  Night  and  Day  Signals  for  the  Navy. 
Electro- Metallurgy.    The  Samoan  Hurricane  of  March,  1890. 


PUBLICATIONS  RECEIVED  TO  DATE,  CURRENT  NUMBERS  OF  WHICH 
LIE  ON  THE  TABLES  IN  THE  READING  ROOM: 

Electrical  Engineer,  London. 

Electrical  Review,  London. 

Engineering,  London. 

Indian  Engineer,  Calcutta,  British  India. 

Indian  Engineering,  Calcutta,  British  India. 

Industries,  London . 

Inventions,  London. 

Iron,  London. 

Iron  and  Coal  Trades  Review,  London. 

Marine  Engineer,  London. 

Mechanical  World,  Manchester. 

Shipping  World,  London. 

Stahl  und  Eisen,  Dusseldorf. 

The  Engineer,  London. 

The  Practical  Engineer,  Manchester. 

The  Steamship,  Leith. 

The  Illustrated  Official  Journal  of  Patents,  London. 
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CATALOGUE  OF 

BOOKS,    TRANSACTIONS,    AND    PERIODICALS 

IN  LIBRARY,  JULY,  1891. 


(1.)  TRANSACTIONS  OF  LEARNED  SOCIETIES. 

American  Society  of  Mechanical  Engineers,  New  York  City,  N.Y., 

Vol.  I.  to  date. 
American  Society  of  Naval  Engineers,  Navy  Department,  Washington, 

Q.S.  of  America,  Vol.  I.  to  date. 
'  Canadian  Society  of  Civil  Engineers,  Montreal,  Canada,  Vol.  I.  to 

date. 
Civil  and  Mechanical  Engineers,  1888  to  date. 
Cleveland  Institution  of  Engineers,  Middlesbrough,  1889  to  date. 
Engineering  Association,  Sydney,  New  South  Wales,  Australia,  Vol.  I. 

to  date. 
Engineers  and  Shipbuilders  in  Scotland,  Glasgow,  Vol.  IV.  and  VI. 

to  date. 
Genio  Civile,  Roma,  Vol.  XXII.  to  date. 
Hull  and  District  Institution  of  Engineers  and  Naval  Architects, 

HuU,  Vol.  I.  to  date. 
Institution  of  Civil  Engineers,  London,  Vol.  LXXIX.  to  date. 
Iron  and  Steel  Institute,  London,  1885  to  date. 
Junior  Engineering  Society,  London,  1886. 
Liverpool  Engineering  Society,  Liverpool,  Vol.  I.  to  date. 
Liverpool  Polytechnic  Society,  Liverpool,  1887  to  date. 
Manchester  Association  of  Engineers,  Manchester,  1883  to  date. 
Mechanical  Engineers,  London,  1885  to  date. 
Midland    Institute   of   Mining,  Civil,  and  Mechanical  Engineers, 

Barnsley,  1884  to  date. 
Naval  Architects'  Institution,  London,  Vols.  I.  to  IX.  and  XVIII.  to 

date. 


North  of  England  Institate  of  Mining  and  Mechanical  Engineera, 

Newcastle-upon-Tyne,  VoL  XXXIV.  to  date. 
North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  Vol.  I. 

to  date. 
Philosophical  Society,  Glasgow,  Vol.  XIX.  to  date. 
Royal  Dublin  Society,  Dublin,  Transactions^  VoL  III.  to  date  ;  Pro- 

ceedmgs,  VoL  IV.  to  date. 
Society  of  Arts,  London,  Vol.  XXXVII.  to  date. 
Society  of  Engineers,  London,  1884  to  date. 
Soci^t^  des  Ingenieurs,  etc.,  de    Li^ge,  Bulletin,  1885    to    date  ; 

Anniuires^  1885  to  date. 
South  Wales  Institute  of  Engineers,  Swansea,  1884  to  date. 
United    States    Naval    Institute,    Annapolis,    Maryland,    n.S.    of 

America,  1886  to  date. 


(2.)  TECHNICAL  JOURNALS  AND  PERIODICALS. 

Electrical  Engineer^  London,  Vol.  III.  to  date. 

Electrical  Review ^  London,  VoL  XXIV.  to  date. 

Engineering^  London,  Vols.  IV.,  V.,  and  VI.,  XX.  and  XXI.,  XXXIV. 

to  date. 
Indian  Engineer^  Calcutta,  British  India,  VoL  VII.  to  date. 
Indian  Engineering,  Calcutta,  British  India,  VoL  III.  to  date. 
Industries^  London,  VoL  I.  to  date. 
Inventions^  London,  VoL  XI.  to  date. 
Iron^  London,  1888  to  date. 

Iron  and  Coal  Trades  Revie^v^  Londou,  VoL  XXXVI.  to  date. 
Marine  Engineer^  London,  VoL  VII.  to  date. 
Mechanical  Worlds  Manchester,  1886  to  date. 
Shipping  World,  London,  Vol.  IV.  to  date. 
Siahl  und  £dsen,  Diisseldorf,  Vol.  IX.  to  date. 
The  Engineer,  London,  VoL  LIX.  to  date. 
The  Mechanics'  Magazine,  1864-1866  (3  vols.). 
The  Practical  Engineer,  Manchester,  Vol.  I.  to  date. 
The  Practical  Mechanics'  Journal,  1863  to  1870  (4  vols.). 
The  Steamship,  London,  VoL  I.  and  II. 
T/ie  Steamship,  Leith,  Vol.  I.  to  date. 
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...Prof.  Rankine 
W.  Boyd 

. . .  J. .  ivCCQ 


A.  B.  Brown     1865 


J.  W.  G.  Haldane     1890 


(3.)  GENERAL. 

(a.)   ENGINBRRINa  AND  MbCHANICAL. 

Applied  Mechanics        Prof.  Rankine 

Do.  J.  H.  Cotfcerill 

Boilers  and  Boiler  Making        N.  P.  Burgh 

Boilers,  their  Construction  and  Strength        ...    T.  W.  Traill 

Bridge  Construction      T.  C.  Fidler 

Bureau  of  Steam  Engineering  (U.S.A.),  Report  of     

Bureau  Veritas — Report  on  Steel         

Civil  Engineering  

Engineering  (British  Association) 

Engineer's  Handbook  

Engineering  Facts  and  Figures  (2  vols., 

1863  and  1864)        

Engineering     Popularly    and    Socially 

Considered  (2  copies)  

Friction  and  Lost  Work  in  Machinery 

and  Millwork 

Graphic  Statics,  Principles  of 

Heat,  Treatise  on  

Heat :  a  Mode  of  Motion         

Hydrology,  Manual  of  . . . 
Hydraulic  Power  and  Hydraulic  Machinery 
Iron  Bridge  Construction  (2  vols.) 
Iron  and  Steel  Industries,  Report  on,  in 

Foreign  Countries 

Iron  Roofs 

Machinery  and  Millwork  

Manual  of  Marine  Engineering 
Manufacture  of  Iron  and  Steel,  Principles  of 

Marine  Engineering       

Marine  Steam  Engine 

Materials  of  Engineering  

Mechanical  Graphics     

Mechanical  Text  Book 

Mechanical  Engineers'  Reference  Book 
Metallurgy  of  Iron,  Treatise  on 
Metallurgy  of  Steel        


...R.H.Thurston 

...      G.  S.  Clark 

T.  Box 

J.  Tyndall 

...  W.  Beardmore 

•••  •••  ••• 

...     W.  Humber 


A.  T.  Walmsley 

.  Prof.  Rankine 

..   A.  E.  Seaton 

L  L.  Bell 

..     W.  H.  Maw 

R.  Sennett 

R.  H.  Thurston 

G.  Halliday 

..  Prof.  Rankine 

N.  Foley 

...  H.  Bauerman,  F.G.S. 

H.  M.  Howe 


1888 
1890 
1873 
1888 
1887 
1889 
1878 
1889 
1889 
1889 


1889 
1888 
1888 
1887 
1872 
1887 
1870 


Metals :  Their  Properties  and  Treatment 
Mill  Gearing,  etc.  


...C.  L.  Bloxham 
T.  Box 


1888 
1887 
1889 
1884 

1885 
1884 
1889 
1884 
1891 
1890 
1890 
1885 
1888 
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Modem  Marine  Engineering  (2  vols.) N.  P.  Burgh  1872 

Pocket  Book  on  Boilers            T.  W.  Traill  1888 

Rules  and  Tables           Prof .  Rankine  1889 

Rules,  Tables,  and  Data  for  Mechanical 

Engineers      D.  K.  Clark  1890 

Screw  Propeller W.  Bourne  1807 

Slide  Valve         N.  P.  Burgh  1868 

Spon's  Engineers'  Price  Book 1888 

Steam  and  the  Steam  Engine,  Text  Book  on  ...     A.  Jamieson  1889 

Steam  Engine G.  C.  V.  Holmes  1890 

Do.          (4  vols.) D.  K.  Clark  1890 

Do.             J.  H.  Cotterill  1890 

Steam  Boilers R.  Wilson  1879 

Steam  Engine ...  Prof.  Rankine  1888 

Strength  of  Materials T.  Box  1888 

Strength  of  Iron  Parts  of  Steam  Machinery     ...      Van  Buren  1869 

Strains  in  Structures     G.  A.  T.  Middleton  1889 

Substitution  of  Metal  for  Wood  in  Railway 

Ties,  Report  on        B.  E.  Fernon  1890 

Testing  Materials  of  Construction        W.  C.  Unwin  1888 

Turbine,  The      W.  Cullen  1871 

Valve  Gears        J.F.Klein  1884 

(b.)  Shipbuilding,  etc. 

Annals  of  Lloyd's  Register        1884 

Bureau  Veritas  Register  of  Shipping 1887  to  date 

German  Lloyd's  International  Register  of  Shipping 1891 

German  Lloyd's  Rules  and  Regulations           1891 

Lloyd's  Register  of  British  and  Foreign  Shipping  (2  vols.)   ...  1891 

Lloyd's  Rules  and  Regulations .. .         ...         ...         1891 

Modem  Shipbuilding  and  the  Men  Engaged  in  it    D.  Pollock  1884 

Naval  Architecture,  Manual  of W.  H.  White  1889 

Naval  Annuals Lord  Brassey     1886,  1890,  and  1891 

Shipbuilding  Theoretical  and  Practical            ...  Prof.  Rankine  1866 

Shipbuilding  (2  vols.) Thearl  1886 

Stability  of  Ships           Sir  E.  J.  Reed  1885 

Stability  of  Ships           J.  C.  Spence  1884 

Shipping  World  Year  Book       1887 

(c.)  Electrical. 

Electricity  and  Magnetism  (2  vols.)     J.  C.  Maxwell  1881 

Elementary  Treatise  on  do „  1881 
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Electric  Li^ht  Fitting J.  W.  Urquhart  1890 

Electric  Transmission  of  Energy         G.  Kapp  1890 

Experimental  Researches  in  Electricity  (3  vols.)     M.  Faraday  1839 

Practical  Electrical  Measurement         ...  J.  Swinbourne  1888 

Short  Lectures  to  Electrical  Artizans  ...  J.  A.  Fleming  1890 

(d.)  Miscellaneous,  etc. 

Collieries  and  Colliers J.  C.  Fowler  1869 

Duties  of  Executors       F.  W.  Dendy  1889 

Elements  of  Projective  Geometry         Cremona  1885 

Foreign  Office  List        1886 

Geology  of  England  and  Wales H.  B.  Woodward  1887 

Handbook    to    Industries,  N.   E.   District    of 

England       W.  Richardson  1889 

Industrial  Resources  of  the  Tyne,  Wear, 

and  Tees       Lord  Armstrong  and  others  1864 

Miscellaneous  Scientific  Papers Prof.  Rankine  188 1 

Practical  Treatise  on  Petroleum  B.  J.  Crew  1887 

River  Tyne,  History  and  Resources  of J.  Guthrie  1880 

Service  Chemistry  V.B.Lewes  1889 

Water-Gas  Plant,  a  description  of        S.  Fox  1888 

Year  Book  of  Scientific  Societies  (2  vols.)       1889-90  and  1890-1891 

(e.)  Biographical. 

Lives  of  Brindley  and  others     Smiles  1874 

„       Boulton  and  Watt       „  1878 

„       William  Denny  A.  B.  Bruce  1889 

„       Metcalf  and  Telford Smiles  1874 

„       James  Nasmyth  „  1885 

„       Smeaton  and  Rennie „  1874 

„       G.  and  R.  Stephenson „  1879 

„       R.  Trevethick  F.  Trevethick  1872 

(/.)  Dictionaries. 

Dictionary  of  Engineering  (4  vols.)     Spon  1874 

Dictionary  of  Terms  relating  to  Iron A.  Tolhausen  1870 

French  and  English  Dictionary  (2  vols. )  L.  Smith  &  H.  Hamilton  1882 
German  and  English  Dictionary,  Theime-Preusser,  E.  Wesseley 
Italian  and  English  Dictionary  (2  vols.)         ...        Millhouse 

Spanish  and  English  Dictionary  (3  vols.)        ...    Bustamantes  1890 

Technological  Dictionary  (3  vols.)        A.  Tolhausen  1883 
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COMMITTEES. 
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J.  Gravell. 


A.  Laino. 
Hugh  Macoll. 
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William  Boyd  (Chairman). 
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A.  SCHOLEFIELD. 
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J.  Johnson. 


Hugh  Macoll. 
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C.  W.  Hutchinson  (Chairman). 
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M.  Sandison. 
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R.  L.  Weighton,  M.A. 
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J.  Johnson. 
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Statistical  Committee 

Hugh  Macoll. 
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Robert  Thompson. 
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NORTH-EAST  COAST  INSTITUTION  OF  ENGINEEES  AND 

SHIPBUILDEES. 


Xlst  Of  flSembets,  Julg,  189L 

EXPLANATION. 

(A.)  Agent  and  Accountant.  ,    (I.  Ii  S.  M.)  Iron  and  Steel  Merchants 

and  Manufacturers. 
(N.  A.)  Naval  Architect. 
(R.  M.)  Rope  Manufacturer. 


(B.  B.)  Boiler  Builder. 

(C.  E.)  Civil  Engineer. 

(D.)  Draughtsman. 

(E.)  Engineer  and  Boilermaker. 

(E.  E.)  Electrical  Engineer. 

(F.  M.)  Forge  Master. 


(S.)  Shipbuilder. 
(S.  O.)  Ship  Owner. 
(SUR.)  Engineer  &  Ship  Surveyor. 


HONORARY    MEMBERS. 

BLSCTBO. 

The  Right  Hoil  Lord  Armstrong,  C.B.,  LL.D.,  F.RS.,  Cragside, 

Rothbuiy Nov.  1884 

The  Right  Honourable  the   Earl  of  Ravensworth,   Ravensworth 

Castle,  near  Grateshead-on-Tync Nov.  1884 

W.  H.  White,  Esq.,  The  Admiralty,  Whitehall,  London     (N  A)  Nov.  1884 

LIFE  MEMBERS. 

Fox,  Samson,  Messrs.  The  Leeds  Forge  Co.,  Leeds (E)  Dec.  1887 

Halley,   David,  Messrs.   Burmcister  &  Wains,   Maskin-og  Skibs- 

byggeri,  Copenhagen,  Denmark (E)  Feb.  1887 

Macoll,  Hugh,  4,  Belvedere  Road,  Sunderland         (S)  Nov.  1884 

Pascoe,  J.  R.,  Tyrmont,  Woodford,  Essex       (S)  Dec.  1889 

Spence,  W.  G.,  Messrs.  Gourlay  Bros.  &  Co.,  Engineers  and  Ship- 
builders. Dundee (E)  Nov.  1884 

LIFE  ASSOCIATE. 

Eccles,  Edward,  o.  Exchange  Buildings,  King  Street,  Newcastlc-on- 

Tyne...        ...        ...        ...        ...        ...        ...        ...        ...  (S  O)  Oct.  1887 

MEMBERS. 

A. 

Aberg,  Henning,  Stora  Warfoct,  Stockholm,  Sweden          (E)  Oct.    1888 

Aljey,  Henry,  Fairfield,  York  Road,  West  Hartlepool          (E)  Jan.  1889 

Adamson,  Alex.,  c/o  Messrs.  Naval  Construction  and  Armaments 

Co.,  Barrow-in-Fumess (S)  Nov.  1885 

Ahlbom,  C,  11,  Sidney  Grove,  Arthur's  Hill,  Newcastle-on-Tync  ...  (E)  Nov.  1884 

Aitchison,  Jas.,  Hylton,  Sunderland (S)  Nov.  1884 
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KLECTBI>. 

Alchin,  A.  H.,  89,  Wood  Lane,  Shepherd's  Bush,  London (E)  Jan.  1886 

Allan,  Jas.  McNeal,  6,  Warwick  Street,  Heaton,  Newcastle-on-Tyne  (E)  Dec.  1886 

Allardes,  Wm.,  Greenville  Terrace,  Bloomfield,  Belfast      QE)  Nov.  1884 

Anderson,  J.,  c/o  Messrs.  Wigham  Richardson  &  Co.,  Neptune  Works, 

Walker-on-Tyne Nov.  1884 

Andrew,  D.,  3.^^,  Osborne  Boad,  Jesmond,  Newcastle-on-Tjne      ...(SUR)  Jan.  1886 
Andrews,  Jas.,  Drawing  Office,  Messrs.  Naval  Construction  and 
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on-Tyne       ...        ...        ...        ...        •••        ...        ...        ...  (E}  Oct.  1887 

Amison,  Geo.,  Jun.,  61,  Fawcett  Street,  Sunderland            (N  A  li  SUR)  Nov.  1884 

Ash,  Mortimer  W.,  91,  Jesmond  Road,  Newcastle-on-Tyne           ...  (E)  Feb.  1887 

Austin,  S.  P.,  Wear  Dockyard,  Sunderland (S)  Nov.  1884 

Austin,  W.  R.,  Lloyd's  Register  of  Shipping,   Royal   Exchange, 

Middlesborough     (E  SUR)  Oct.    1888 


B. 

Baguley,  Ernest  Edwin,  3,  Saville  Place,  Newcastle-on-Tyne      ...      (E)  April  1891 

Bailey,  James,  3,  South  Avenue,  Ryton-on-Tync     (E)  Nov.  1884 

Baines,  Geo.  Henry,  Messrs.  Central  Marine  Engineering  Co.,  West 

Hartlepool (E)  Oct.  1888 

Baird,  Robert,  13,  Hylton  Terrace,  North  Shields (E)  Jan.   1890 

Barclay,  James,  Lloyd's  Register  of  Shipping,  3,  St.  Nicholas' 

Buildings,  Newcastle-on-Tyne (SUR)  Nov.  1888 

Barley,    C.    J.,    25,    Trevor   Square,    Knightsbridge,    Lon-f  Graduate,  Feb.  1885 
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Forge,  Glasgow     (I  li  S  M)  Oct.   1889 

Bell,  James,  Hancock  Villa,  Weathercock  Lane,  Low  Fell,  Gatcs- 

hcad-on-Tyne         (E)  Feb.  1887 

Bell,  William,  Rosehill  Terrace,  Rosehill,  Wallsend-on-Tyne       ...      (E)  Nov.  1888 
Bergstrom,  Gus.,  Poplar  Grove,  Hart  Road,  West  Hartlepool       ...  (N  A)  Mar.  1886 

Berkley,  A.  B.,  Grange  Villa,  Jarrow-on-Tyne         (E)  Mar,  1887 

Berkley,  William,  c/o  Messrs.  R.  k  W.  Hawthorn,  Leslie,  &  Co.,  St. 

Peter's,  Newcastle-on-Tyne         (E)  Oct   1889 
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Bindesboll,   S.    C.    W.,    c/o   Messrs.    Raylton     Dixon    k    Co., 

Middlesborough (S)  Nov.  1884 

Black,  Jas.,  Portobello  Foundry,  Sunderland           ...        (E)  Jan.  1886 

Black,  J.,  c/o  Messrs.  J.  Merryweather  &  Co.,  West  Hartlepool    ...  (E)  Nov.  1888 

Black,  Wm.,  Messrs.  Black,  Hawthorn,  &  Co.,  Gateshead-on-Tyne  (E)  Jan.  1886 
Blackie,  Thomas  Reid,  Lloyd's  Register  of  Shipping,  Dock  Office, 

West  Hartlepool (SUR)  Nov.  1890 

Blechynden,  Alfred,  12,  Cavendish  Park,  Barrow-in-Fumess       ...  (E)  Oct.  1885 
Blenkinsop,  John  N.,  38,  Ashbomham  Grove,  Greenwich,  S.E.   ...  (E)  Oct.  1886 
Blumer,  Wm.  Riversley,  Milium  Terrace,  Monkwearmouth,  Sun- 
derland         (S)  Dec.  1886 

Boddy,  John,  96,  Dock  Street,  Newport,  Mon (E)   Dec.  1888 

Bodm,Lauritz  M.,  27,  Argyle  Square,  Sunderland  ...  (E  $t  SUR)  Dec.  1889 

Bond^C.P.W.,  27,  Leadenhall  Street,  London,  E.C (E)  Nov.  1888 

Bone,W.J.,  61,  Linskill  Terrace,  North  Shields     ...        (S)  Dec.  1884 

Bonneyman,  James  Smith,  13,  Ryder  Street,  Canton,  Cardiff      ...  (E)  Nov.  1889 
^Ids,  Jaa.  H.,  c/o  Messrs.  Raylton  Dixon  &  Co.,  Cleveland  Ship- 
yard, Middlesborough      (S)  Oct.  1886 

Booth,  Arthur  Spence,  c/o  C.  Fumess,  Esq.,  85,  Water  Street,  U.S. 

America      ...        ...        ...        ...         ••        ...  (E)  Oct.  1889 

Boiowski,    G.,     Government    Dock    Yard,    Cherson's    Depart., 

Nicolajeff,  Russia (E)  Oct.  1886 

Boyd,Wm.,  North  House,  Long  Benton,  Newcastle-on-Tyne       ...  (E)  Nov.  1884 

u        „  ,      »,  «  „  ,..v   (Graduate,  Nov.  1886 

iJramwell,  Balfour,  2,  Beverley  Terrace,  CuUercoats         (E)  i  „     ,         vr       ,  oo* 

*  ''  ^        iMember,    Nov.  1887 

Branbton,  R.  T.,  36,  Hawthorn  Street,  Newcastle-on-Tyne         ...      (E)  Nov.  1884 

Bray,  C.  H.,  19,  Frederick  Street,  Newcastle-on-Tyne        

Brock,  John,  Exchange  Buildings,  Cardiff (E)  Nov.  1885 

Brown,  Eugene,  c/o  Messrs.  J.  H.  Holmes  &  Co.,  Portland  Road, 

Newcastle-on-Tyne  (E  E)  Feb.  1886 

Brown,  Robson,  Belle  Vue  Terrace,  Tyne  Dock       (E)  Nov.  1889 

T>  ^  ,  «      ,    ,      ,  ,p-v     (Graduate,  May  1885 

Brown,  T.  R.,  110,  Roker  Avenue,  Sunderland         ...      (E)    i  ..     ,  .  ^    ...^ 

^   ^     I  Member,    Oct.   1886 

Brown,  William,  c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne           (E)  April  1887 

Brown,  E.  D.,  Tees  Conservancy  Commissioners,  Graving  Dock, 

Middlesborough (E)  Nov.  1888 

Brown,  James,  c/o  Sociedad  Anonima,  Astilleros  del   Nervion, 

Bilbao,  Spain         (E)  Mar.  1891 

Browne,  Sir  B.  C,  Westacres,  Benwell,  near  Newcastle-on-Tyne  (C  E)  Jan.  1885 

Buchanan,  A.,  Michaelson  Villa,  Barrow-in-Furness          (S)  Nov.  1884 

Buchanan,  John  H.,  Oswald  Chambers,  5,  Oswald  Street,  Gla8gow(SUR)  Oct.  1888 

Backland,H.  B.,  Hamburg  Chambers,  Quayside, Newcastle-on-Tyne  (E)  Nov.  1885 

Balmer,  John,  1,  Graingerville  North,  Newcastle-on-Tyne            ...  (E)  Mar.  1886 

Burdon.  J.  G.,  20,  Archbold  Terrace,  Newcastle-on-Tyne (E)  Nov.  1884 

Barns,  J.,  3,  Kaiser  Terrace,  West  Hartlepool         ...         Nov.  1884 

Batterfield.  George,  30,  John  Candlish  Road,  Millfield,  Sunderland  Nov.  1884 
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c. 

Cama,  Nusserwanji  Bomanji,  Gowala  Tank  Road,  Bombay,  British 

J-IlClia                 •>•            •>•            •••            «••             «••             •••            •••            .«,  v"*y    L/CC«    looo 

Cameron,  David,  18,  Arbroath  Road,  Dandee           (E)  April  1891 

Campbell,  James  J.,  2,  St.  Thomas'  Terrace,  Newcastle-on-Tyne...  (E)  Oct.  1888 

Cannell,  Frank,  Messrs.  H.  Parry  &  Son,  Lisbon     (E  li  S)  Nov.  1887 

(^arr,  «j.  w.           •■•        •**        ...        .*.        ...        •••        ...        ...  v^y  j?6D.  looo 

Carstons,  Samuel,  67*,  Wildersgade,  Copenhagen (S)  Dec.  1887 

Carter,  G.  J.,  Elswick  Shipyard,  Newcastle-on-Tyne          (S)  Dec.  1886 

Carter,  Thos.,  49,  North  Bridge  Street,  Monkwearmouth,  Sunderland  (E)  Nov.  1884 
Casebourne,  Charles  Baston,  Grcatham   House,  Greatham,  near 

West  Hartlepool (E)  Dec.  1889 

Cay,  Arthur,  Westoe,  South  Shields (E)  Nov.  1884 

Ceuvel,  John  L.,  Kadyk,  Amsterdam (E)  Mar.  1886 

Chapman,  Abel,  Capt.,  Belle  Vue,  Low  Fell,  Gateshead-on-Tyne...  (E)  Nov.  1884 

Chapman,  Hedley,  147,  Park  Road,  Newcastle-on-Tyne    (E)  Feb.  1886 

Charlton,  Henry,  1,  Millfield  Terrace,  Gateshead-on-Tyne (E)  Nov.  1884 

Charlton,  R  B.,  Jun.,  Manors  Railway  Station  Works,  Newcastle- 
on-Tyne       »..        •••        ...        •••        ...        ...        ...        ...  (E)  Nov.  1884 

Charlton,  T.,  26,  Lincoln  Street,  Gateshead-on-Tyne          (E)  Nov.  1884 

Charlton,  Thomas,  The  Cedars,   Millhill,   West   Cowes,  Isle  of 

Wight           (E)  Nov.  1890 

Christie,  C.  A.,  4,  Woodside,  Tynemouth       (E)  Nov.  1884 

Christie,  C.  J.  D.,  Neptune  Works,  Walker-on-Tyne (S)  Nov.  1884 

Christie,  J.  D.,  4,  Colbeck  Terrace,  Tynemouth        (S)  Nov.  1884 

Churchill,  James  Dixon,  9,  London  Street,  London,  E.C (E)  Oct.   1889 

Clark,  Geo.,  Southwick  Engine  Works,  Sunderland            (E)  Nov.  1884 

Clark,  George,  Jun.,  Southwick  Engine  Works,  Sunderland         ...  (E)  Feb.  1888 

Clark,  Henry,  Southwick  Engine  Works,  Sunderland         (E)  Oct.  1887 

Clarke,  Thos.,  82,  Rye  Hill,  Newcastle-on-Tyne       (E)  Nov.  1884 

Cochrane,  James (E)  Nov.  1888 

Conning,  Alfred  C,  Dunston  Iron  &  Steel  Works,  Gateshead-on-Tyne  (F  M)  May  1 885 

Conrddi,  Carl,  5,  Prince  of  Wales  Terrace,  Hillhead,  Glasgow     ...  (E)  Nov.  1884 
Consiglio,  Luigi,  c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  Hebbum- 

on-Tyne        (N  A)  Nov.  1890 

Cooper,  Nusserwanji  Naoroji,  Indo-China  Mills,  Sewree,  Bombay, 

India            (E)  Oct.   1889 

Cooper,  William,  Baltic  Chambers,  Quayside,  Newcastle-on-Tyne  (E)  Feb.  1888 
Coote,  Arthur,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  Hebbum- 

on-Tyne       (S)  Nov.  1884 

Comforth,  J.,  Messrs.  Gladstone  &  Comforth,  Church  Street,  West 

Hartlepool (E)  Oct.   1888 

Cornish,  H.  P.,  Lloyd's  Register  of  Shipping,  2,  White  Lion  Court, 

Cornhill,  Tjondon,  or  2,  Lawn  Road,  Hampstead,  London,  N.W.  (E)  Oct.   1888 
Courtier- Dutton,   W.   T.,  Lloyd's  Register  of    Shipping,  3,    St. 

Nicholas' Buildings,  Newcastle-on-Tyne  (S  SUR)  April  1890 

Cowens,  William  Edward,  c/o  Messrs.  John  Abbot  &  Co.,  Gateshead- 
on-Tyne      (E)  Dec.  1889 
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Cnggs,  Bmest  H.,  Messrs.  R.  Craggs  k  Sons,  Middlesborough  ...  (S)  Oct.  1888 
Craig,  John  C,  Lloyd's  Register  of  Shipping,  3,  St.  Nicholas' 

Buildings,  Newcastle- on-Tyne (E  SUR)  Oct.  1890 

CTawford,Ja8.,9,Cu8tomHou8eConrt,Quayside,Newcastle-on-Tyne(SUR)  Nov.  1886 

Crawford,  John  P.,  1,  St.  Vincent  Street,  Sunderland       (E)  May  1889 

Crawford,  W.  A.  F.,  Tork  House,  Albert  Bridge  Road,  Batteraea, 

London,  S.W,         ...        ...        ...        ...        ...        ...        ...      (E)  Nov.  1884 

Cto83,  Wm.,  4,  Fenham  Terrace,  Newcastle-on-Tyne  (E)  Mar.  1886 

Cruddas,  W.  D.,  M^srs.  Sir  W.  G.  Armstrong,  Mitchell,  &  Co., 

Elswick,  Newcastle-on-Tyne       ...        (E)  Dec.  1884 

Cumming,  William  S.,  c/o  Mr.  Sutherland,  253,  Albert   Bridge 

Boad,  M6unt  Pottenger,  Belfast (S)  Oct.  1890 

Cummins,  \V.  R.,  40,  Perth  Road,  Dundee     ...   •     (E)  Nov.  1884 

Curwen,  Henry   R.,  c/o  Messrs.  Palmer's  Iron  and  Ship-     ^Graduate,  Feb.  1886 

building  Co.,  Jarrow-on-Tyne (S)   (.Member,    Oct.    1887 

D. 

Dalrrmple,  Wm.,  8,  Aberdare  Terrace,  South  Shields        (E)  Dec.  1886 

Darling,  W.  J.,  Lloyd's  Register  of  Shipping,  Leith  (S)  April  1887 

Damey,  John,  c/o  Messrs.  Short  Bros.,  Pallion,  Sunderland  ...  (S)  Nov.  1884 
OaTie,  Albert,  c/o  Messrs.  W.  Denny  &  Bros.,  Leven  Ship-     /Graduate,  Feb.  1886 

yard,  Dumbarton,  N.B (E)     vMcmber,    Oct.  1887 

Davison,  A.  J.,  Rosedale,  Wallwood  Road,  Leytonstone,  Essex  ...  (E)  Oct.  1888 
Dawe,  Charles,  H.M.S.  "Katomba,"  Royal  Navy,  Sheemess  ...  (E)  Mar.  1890 
De-Rusett,  Edwin  W.,  Warden  House,  Percy  Park  Road,  Tyne- 

mouth         (S)  Nov.  1890 

Dick,  Francis,  6,  Gladstone  Street,  Sunderland       (E)  Nov.  1885 

n„L-  ^    ,  ^  ^      ,    ,      ,  ^-v     (Graduate,  May  1886 

Dickinson,  F.  T.,  Park  House,  Sunderland    (E)    i ,,     ,       ^       ,o«^ 

^         I  Member,    Oct.  1886 

Dickinson,  James,  Park  House,  Sunderland (E)  Nov.  1884 

Dickinson,  John,  Park  House,  Sunderland (E)  Nov.  1884 

Dickinson,  W.,  Park  House,  Sunderland        (E)  Nov.  1884 

t)ickin3on,  R.  B.,  c/o   Messrs.  The  Bowling  Iron  Co.,  Bradford, 

Yorkshire (E)  April  1889 

D«on.Brown,  L.  D.,  Unthank  Hall,  Haltwhistle (S)  Nov.  1886 

Dixon,  Sir  Raylton,  Cleveland  Shipyard,  Middlesborough  ...  (S)  Feb.  1888 

Dobson,  William,  Shipbuilder,  Walker-on-Tyne       (S)  Nov.  1888 

Donald,  George  Gray,  35,  Linskill  Terrace,  North  Shields (E)  Oct.   1890 

^■■jnald,  James,  48,  St.  Luke's  Terrace,  Pallion,  Sunderland  ...  (S)  Nov.  1884 

Donovan,  J.  W.,  5,  Ash  Place,  Newcastle  Road,  Sunderland        ...  (E)  April  1885 

^"glas,  John  F.,  c/o  Messrs.  Ramage  &  Ferguson,  Leith (E)  Jan.  1888 

I^owsen,  Chas.,  8,  Croft  Terrace,  Jarrow-on-Tyne (E)  Dec.  1885 

Doxford,  Charles  D.,  Bainbridge  Holme,  Tunstall  Road,  Sunderland  (S)  Nov.  1884 

I>^xford,  R.  P.,  Pallion  Engine  Works,  Sunderland  (E)  Nov.  1884 

Doxford,  W.  Theodore,  Pallion  Shipyard,  Sunderland       (S)  Nov.  1884 

Drakenber?,  J.  A.,  73,  Mybrogataii,  Stockholm,  Sweden (E)  Feb.  1886 

Duckitt.  Jno.,  4,  St.  Nicholas'  Buildings  West,  Newcastlc-on-Tyne  (E)  Nov.  1884 
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Dudgeon,  P.  S.,  112,  Penchurch  Street,  London,  E.C (E)  Feb.  1885 

Dunlop,  William,  31,  Hartington  Street,  Barrow-in-Pumess        ...      (E)  Mar.  1888 

Dykes,  James,  78,  Dilston  Road,  Newcastle-on-Tyne         (E)  May  1886 

Dykes,  John,    Lloyd's    Register   of   Shipping,  Oriel    Chambers, 

Liverpool (SUR)  Oct.  1889 

E. 

Eckmann,  John,  Sunderland  Engine  Works,  South  Docks,  Sunderland  (E)  May  1885 
Edmiston,  Jas.  B.,  Ivy  Cottage,  Highfield  Road,  Walton,  Liverpool      (E)  Nov.  1886 

Edwards,  Guy  Williamson,  Byethorn,  Corbridge-on-Tyne (E)  Feb.  1891 

Eeles,  Robert,  Messrs.  Ecles  Sc  Dryden,  4,  Quayside,  Newcastle-on-Tyne  (E)  April  1889 
Elliot,  Henry,  c/o  Sociedad  Anonima,  Astilleros  del  Nervion,  Bilbao, 

Spain...        ...        ...        ...        ...        ...        ...        ...        ...     (E)  May  1891 

Elliott,  Consitt,  4,  Salem  Hill,  Sunderland (E)  May  1885 

Ellis,  Robert  Ellwood,  Park  Place,  Kinghorn,  N.B.  (S)  Feb.  1891 

Eltringham,  J.,  c/o  Messrs.  J.  T.  Eltringham  &  Co.,  South  Shields      (E)  May  1889 

Eltringham,  Joseph  T.,  Stone  Quay,  South  Shields (S  li  B  B)  Oct.   1889 

English,  E.  Harold,  Messrs.  Westgarth,  English,  &  Co.,  Middlesbro'  (E)  Feb.  1889 
English,  Thos.  (Lieut.-Col.),  Messrs.  Palmer's  Shipbuilding  &  Iron 

Co.,  Jarrow-on-Tyne         Oct.   1890 

Eshelby,  William,  1,  Lax  Terrace,  Stockton-on-Tees  (E)  Feb.  1888 

Evans,  Charles,  c/o  Messrs.  Wigham  Richardson  &  Co.,  Neptune 

Works,  Walker-on-Tyne (E)  Mar.  1891 

Evans,  Lewis,   Lloyd's    Register  of    Shipping,  3,  St.  Nicholas' 

Buildings,  Newcastle-on-Tyne (SUR)  Dec.  1890 

Evans,  William,  Superintendent  Engineer,  Caerphilly,  near  CardiflE  (E)  Nov.  1889 
Evers,  G.,  Lubeck,  Germany     (S)  Nov.  1884 

F. 

Fairman,  A.  E.,  Helensburgh,  Scotland        (N  A)  Oct.   1886 

Farina,  A.  J.,  63,  Quayside,  Newcastle-on-Tyne       (E)  Nov.  1884 

Faruffini,  Capt.  M.   C,  c/o  Connitato  Pei  Designa   delle  Navi 

Ministero  dilla  Marina,  Rome,  Italy     (N  A)  Dec.  1888 

Feldtmann,  H.,  Bergen,  Norway         (E)  Jan.  1889 

Findlay,  John  Taylor,  3,  Azalea  Terrace  South,  Sunderland         ...      (S)  Feb.  1890 

Firth,  H.  Branson,  Thrift  House,  Ecclesall,  Sheffield        (S  M)  Oct.   1888 

Fleming,  Charles  Edward,  71,  Elswick  Road,  Newcastle-on-Tyne...  (E)  Nov.  1884 
Fletcher,  James,  6,  Radnor  Terrace,  Dumbarton  Road,  Glasgow  ...      (E)  Dec.  1885 

Fletcher,  Robert,  Walker  Forge,  Walker-on-Tyne (F  M)  Dec.  1886 

Flohr,  Justus,  32,  Birkcncellies,  Stettin,  Germany (E)  Oct.   1886 

Foley,  Nelson,  Villa  Beatrice,  Parco  Griffeo,  Naples,  Italy  ...      (E)  Nov.  1884 

Ford,  David,  c/o  Sociedad  Anonima,  Astilleros  del  Nervion,  Bilbao, 

Spain (E)  May  1891 

Forster,  C,  6,  East  Parade,  Newcastle-on-Tyne       (S)  Nov.  1888 

Forster,  William,  c/o  Messrs.  Dixon,  Robson,  &  Co.,  2,  Collingwood 

Street,  Newcastle-on-Tyne  (E)  Mar.  1890 

Foster,  Henry,  Newburn  Steel  Works,  Newbum-on- Tyne (E)  April  1886 
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Fothei^ll,  J.  R.,  1,  Bathgate  Terrace,  West  Hartlepool     (E)  Mar.  1886 

Fownes,  Heniy,  Tyne  Forge,  Ousebum,  Newcastle-on-Tyne  ...  (F  M)  Nov.  1884 
Franki,  J.  P.,  c/o  Messrs.  Morts  Dry  Dock  and  Engineering  Co., 

Sydney,  N.S.W.,  Australia          (E)  Jan.  1886 

Fumeaux,  J.  B.,  Victoria  Engine  Works,  Gateshead-on-Tyne  ...  (E)  Nov.  1885 
Fumess,  John,  c/o  Messrs.  Stephens  &  Mawson,  Bank  Chambers, 

Quayside,  Newcastle-on-Tyne (E)  Nov.  1885 

Fnrse,  Fred.,  c/o  Messrs,  E.  &  W.  Hawthorn,  Leslie,  &  Co.,  Shipyard, 

Hebburn-on-Tyne (S)  April  1887 

G. 

Gannaway,H.  G.,  108,  Bede  Bum  Road,  Jarrow-on-Tyne (S)  Nov.  1884 

o     .X  ^    .     «  «     ,       ,      «     ,   «,.^,        T^  .  X  .  /-^    (Graduate,  Nov.  1884 

Gairatt,  H.  A.,  3,  Haghendon  Road.  Clifton,  Bristol  (E)  1  ^,     ^      *    ^ 

'  ^  '    ^.Member,    Nov.  1886 

Garthwaite,  John  R.,c/o  Messrs.  R.  Ropner&  Sons,  Stockton-on-Tees      (S)  May  1889 

f.         «,^^        ...^loi.,^  ,-x  (Graduate,  Mar.  1886 

Gayner,  Robt.  H.,  Jun.,  Beech  Holm,  Sunderland    ...        (E)  -J  „     ^      '       ^    ,„„„ 

^Member,     Oct.  1888 

Geddes,  Christopher,  c/o  Messrs.  Leeds  Forge  Co.,  Leeds    (E)  Oct.   1888 

6ibflon,H.,  6,  Dundas  Street,  Monkwearmouth,  Sunderland        ...  (S)  Nov.  1884 

Gibson,  W.  H.,  37,  Tatham  Street,  Sunderland        (E)  Nov.  1884 

Glencro88,Thos.,  11,  Ryehill,  Newcastle-on-Tyne (E)  Feb.  1885 

GloTer,  Terrot,  6,  Azalea  Terrace,  Sunderland         (E)  Mar.  1886 

Goddapd,  George  Arthur,  Gosforth  Station  Works,  Newcastle -on- 

Tyne...        ...        ...        ...        ...        ...        .*.        •••        ...  (D)  Feb.  1890 

Gordon,  William  James,  c/o  Messrs.  Naval  Construction  and  Arma- 
ments Co.,  Barrow-in-Furness    (E)  Oct.  1887 

Graham,  Edwin,  Messrs.  Osboume,  Graham,  &  Co.,  Hylton,  Sunder- 
land    (S)  Nov.  1884 

Graham,  Joseph,  13,  Whitehall  Terrace,  Sunderland          Nov.  1  SSi 

Graham,!.  S.,  19,  Sea  View  Terrace,  E.  Hartlepool           (E)  Nov.  1888 

Graham,  Wm.,  Ford  Lodge,  South  Hylton,  near  Sunderland        ...  (S)   Nov.  1884 
Gravell,  John,  Custom  House  Court,  Quayside,  Newcastle-on-Tyne 

(N  A  SUR)  Nov.  1884 
^^yi  A.,  c/o  Messrs.  R.  Stephenson  &  Co.,  South  Street,  Newcastle- 
on-Tyne       (E)  Nov.  1888 

^^y,  George,  13,  Harold  Street,  Sunderland           (E)  Feb.  1888 

Gray,  Harry,  12,  Grosvenor  Road,  Jesmond,  Newcastle-on-Tyne  ...  (E)  Dec.  1885 

^fay,  Matthew,  Messrs.  W.  Gray  &  Co.,  West  Hartlepool (S)  Oct.    1888 

Gray,  Sir  William,  Messrs.  W.  Gray  &  Co.,  West  Hartlepool         (S  <c  E)  Oct.   1888 
Green,  W.  G.,  c/o  Messrs.  Palmer's  Iron  and  Shipbuilding  Co., 

Jarrow-on-Tyne     (E)  Nov.  1884 

Green,  William,  c/o  Messrs.  Naval  Construction  and  Armaments 

Co.,  Barrow-in-Furness (E)  Oct.  1885 

Greig,  David  William,  31,  Westmorland  Road,  Newcastle-on-Tync  (E)  Mar.  1891 

^1  Graduate,  Nov.  1884 

Gne?es,  Robert,  38,  Linskill  Terrace,  North  Shields  (S)    Kc      i         t^       noor^ 

'  *  I  Member,    Dec.  1886 

Grimes, Thomas  Benjamin,  45,  Eastbourne  Grove,  South  Shields...       (E)  Mar.  1890 

Gaiston,  A.,  Clayton  Park  Lodge,  Jesmond,  Newcastle-on-Tync   ...      (E)  Dec.  1888 
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H. 
Hake,  G.  A.,  29,  Rothbury  Terrace,  Heaton,  Newcastle-on-Tyne  ...(SUR)  Oct.  1888 

Hall-Brown,  B.,  15,  Moor  Terrace,  Hartlepool        (E)  Nov.  1888 

Hall,  Edward,  c/o  Sociedad  Anonima,  Astilleros  del  Nervion, 

Bilbao,  Spain         (S)  Nov.  1885 

Hall,  J.  Percy,  Carville,  Laurie  Park  Road,  Sydenham,  London,  S.E.  (E)  Oct.   1886 

Hall,  John  W.,  Abden  Shipyard,  Kinghorn,  N.B (S)  Oct.   1887 

Hamilton,  John,  10,  Murrell  Hill,  Carlisle (E)  Nov.  1886 

Hamilton,  J.  H.,  B.Sc,  Engine  Works,  Sandiacre,  near  Nottingham  (E)  Nov.  1888 
Hamilton,  R.  R.,  C/o  Messrs.  Maudslay,  Sons,  &  Field,  Lambeth, 

London        ...        ...         ...  (E)  Nov.  1884 

Hammar,  Hugo,  c/o  Han'ison  Loring,  South  Boston,  Mass.,  U.S.A.  (S)  Nov.  1890 
Hansen,    F.    T.,    Moss    Jernst<)beri    og    Mek     Voerksted,    near 

Christiania,  Norway         (E)  Nov.  1884 

Harding,  J.  C,  9,  Alderson  Street,  West  Hartlepool           (E)  Nov.  1884 

Hardy,  Arthur  Francis,  c/o  Rev.  A.  Curtis,  The  Vicarage,  White 

Motley,  Essex        (S)  Oct.  1887 

Harkness,  Richard,  8,  Grenville   Terrace,  Grange    Road,  West 

Hartlepool (S  SUR)  Nov.  1884 

Harlow,  F.,  15,  Clayton  Park  Square,  Newcastle-on-Tyne (E)  Nov.  1884 

Harman,  Bruce,  12,  Annfield  Terrace  West,  Partick,  Glasgow     ...  (E)  Oct.  1886 

Harper,  J.  H.,  1,  Beaumont  Street,  North  Shields (E)  Jan.  1885 

Harrison,  Alfred,  13,  Nelson  Street,  Sunderland       (E)  Oct.   1889 

Harrold,  Alexander,  19,  Lawton  Street,  Newcastle-on-Tyne        ...  (E)  Nov.  1884 

Harrold,  F.,  14,  Ro well  Street,  Hartlepool (E)  Nov.  1888 

Hartness,  J.,  East  Boldon,  near  Sunderland            ...  (E)  Nov.  1884 

Harvey,  John  W.  J.,  1,  Richmond  Villa,  Chcrtsey  Road,  Bristol  ...  (E)  Feb.  1889 

Haswell,  Robert,  11,  Union  Street,  Hartlepool        (S)  Dec.  1888 

Havelock,  Michael,  Commercial  Chambers,  Side,  Newcastle-on-Tyne  (E)  Dec.  1887 

Hawdon,  Joseph  Y.,  16,  North  View,  lleaton,  Newcastle-on-Tyne  (E)  May  1891 

Head,  Archibald  P.,  Coatham,  Redcar,  Yorkshire  ...       (E)  i  ,,     ,       ' 

^   ^   I  Member,    Oct.   1887 

Head,  Jeremiah,  Queen's  Square,  Middlesborough-on-Tees  ...  (I  M)  Oct.   1889 

Headlam,  Robert,  5,  Edward  Street,  Stockton-on-Tees      (E)  Nov.  1886 

Heck,  John  H.,  Lloyd's  Register  of  Shipping,  Newport,  Mon- 
mouthshire         (S  SUR)  Nov.  1885 

Helyer,  A.  J.,  Messrs.  J.  and  G.  Thompson  &  Co.,  Clydebank, 

Glasgow       (S)  Oct.   1887 

Henderson,  A.  M.,  Greatham  Terrace,  West  Hartlepool     (E)  Nov.  1890 

Henderson,  George,  54,  Westmorland  Road,  Newcastle-on-Tyne  ...      (E)  Nov.  1884 
Henderson,  Robert,  c/o  Messrs.  Palmer's  Iron  and  Shipbuilding 

Co.,  Jarrow-on-Tyne         (S)  Nov.  1884 

Hepburn,  Alfred,  Northumberland  Forge,  Wallsend-on-Tyne       ...  (F  M)  Dec.  1890 

Hepplc,  Willuim,  Slipway,  North  Shields      (E  $t  S)  Oct.   1885 

Hildrey,  A.  J.,  11,  Chester  Street,  Sunderland         (S)  Nov.  1884 

Hill,  Maxwell,  c/o  Messrs.  Palmer's  Iron  and  Shipbuilding  Co., 

Jarrow-on-Tyne 1 (S)  Nov.  1884 
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Hills,  Charles  Henry,  Anglesey  Copper  Works,  Walker-on-Tyne  ..  (E)  Nov.  1889 

Hindson,  William,  Bensham  Lodge,  Gateshead-on-Tyne (E)  Nov.  1884 

Hinea,  William,  H.M.S.  "  Karrakatta,*'  Royal  Navy,  Sheerness     ..  (E)  Mar.  1890 

Hirst,  Richard,  4,  Cleveland  Road,  North  Shields (E  SUR)  Nov.  1885 

Hodge,  Rowland  F.  W.,  Messrs.  C.  8.  Swan  &  Hunter,  Wallsend-on- 

X^Dw  •••              •••              •••              ••«              •••              •••              •••              •■•               •••  v^^     L/IjC*    a C/ttfvl 

Hogg,  James,  Upper  Coach  Lane,  North  Shields      (B  F)  Nov.  1889 

H6k,  Wilhelm,  Deptford  Shipyard,  Sunderland       (S)  Oct.   1886 

Hole,  John  W.,  H.M.8.  "  Whiting,"  Royal  Navy,  Sheerness         ...  (E)  Mar.  1890 

Holmes,  John  H.,  Portland  Road,  Newcastle-on-Tyne       (E)  Jan.  1888 

Homji,  A.  C.  N.,  13,  Trinity  Street,  Dhobie,  Ta!ao,  India (E)  Nov.  1881 

Hooper,  Ernest,  23,  Whitehall  Terrace,  Sunderland           (E)  Nov.  1885 

Hunter,  George  B.,  Messrs.  C.  S.  Swan,  Hunter,  Sc  Co.,  Wallsend- 

on-Tyne      ...        ...        ...        ...        ...        ...        ...        ...  (S)  Nov.  1884 

Hunter,  J.  W.,  Pendleton  House,  Stockton  Road,  Sunderland     ...  (E)  May   1885 
Hunter,  Summers,  c/o    Messrs.   N.B.  Marine    Engineering  Co., 

Northumberland  Engine  Works,  Wallsend-on-Tyne (E)  Nov.  1885 

Hutchinson,  C.  W.,  6,  Park  Parade,  Westmorland   Road,  New- 
castle-on-Tyne         (E)  Nov.  1884 

I. 

Inghs,  John,  c/o  Messrs.  Hawthorn  &  Co.,  Leith      (S)  April  1887 

Inglis,  John,  Jun.,  Pointhouse  Shipyard,  Partick,  Glasgow           ...  (E)  Oct.   1886 
Irwin,  J.  H.,  Sunderland  Engine  Works,  South  Docks,  Sunderland  (E)  Nov.  1884 
Irwin,  Thomas  F.,   1,   St.  Alban's    Road,    Bootle,    near  Liver- 
pool               (C  E  li  N  A)  Mar.  1888 

J. 

Jackson,  Vincent,  19.  Regent  Street,  Hartlepool      (S)  April  1888 

Jackson,  A.,  Surveyor's  Office.  Board  of  Tratlc,  North  Shields    (E  SUR)  Nov.  1888 
Jackson,  William  S.,  Messi"s.  Gourlay  Bros.  &  Co.,  Campcrdown 

Shipyard,  Dundee (S)  April  1891 

James,  M.  C,  c/o  Messrs.  Robert  Stephenson  &  Co.,  Ld.,  Engineers 

and  Shipbuilders,  Hebburn-on-Tyne (S)  Nov.  1884 

Jamieson,  John,  25,  Azalea  Terrace  South,  Sunderland      (E)  Nov.  1885 

Jobling,  J.  C,  Blackwall  Ironworks,  Isle  of  Dogs,  London,  E.     ...  (E)  Nov.  1884 

Jobling,  W.  J.,  Queen  Street,  Newcastle-on-Tyne     (E  It  S  O)  Nov.  1884 

John,  Edmund,  Barry  Dock,  Cardiff (E)  Dec.  1889 

Johnson,  Johan,  Messrs.  Olof,  Melin,  &  Co.,  Gottenbuiy,  Sweden  (S)  May  1885 
Johnson,  T.  Allan,  15,  Stannington  Avenue,  Heaton,  Newcastle- 
on-Tyne       (S)  Nov.  1884 

Johnstone,  William,  Lloyd's  Register  of  Shipping:,  2.  White  Lion 

Court,  Comhill,  London,  E.C (SUR)  Nov.  1884 

Joicey,  Jacob  G.,  Forth  Banks  West  Factory.  Newcastle-on-Tyne  (E)   Jan.  1889 

Jones,  George,  c/o  Messrs.  W.  Gray  ic  Co.,  West  Hartlepool          ...  (S)  Oct.    1888 
Jorgenson,  F.,  Inspector  to  Austrian  Lloyd's,  Constantinople       ...(SUR)  Nov.  1888 
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K. 
Keene,  H.   R.,  Lloyd's  Register  of  Shipping,    Kxchang*^    (  Gradqate,  May  1885 

Buildings,  Middlesborough         (E)   (  Member,    April  1887 

Kendall,  Stonard  O.,  17,  Bvereley  Place,  Heaton,  Newcastle-on- 

Tyne...        ...        ...         ...        ...        ...        ...        ...        ...  (S)  Mar.  1891 

Keydell,  Amandus  Edmund,  Lloyd's  Register  of  Shipping,  Dundee  (S)  April  1890 

Kilvington,  W.,  Northumberland  Engine  Works,  Wallsend-on-Tyne  (E)  Nov.  1884 
King,    Donald,    Engineering     Department,    Sociedad    Anonima 

Astilleros  del  Nervion,  Bilbao,  Spain (E)  Jan.  1890 

Kirkaldy,  John,  40,  West  India  Dock  Road,  London          (E)  Nov.  1885 

Kirkaldy,  William,  16,  Derby  Street,  Sandlf Old,  Glasgow (E)  Dec.  1889 

Kitching,  J.  F.,  Hart  Road,  West  Hartlepool           (E)  Nov.  1890 

L. 

Laidley,  R.  W.,  10,  Hunter  Street,  Sydney,  New  South  Wales     ...  (E)  April  1887 

Laing,  Arthur,  Deptford  Shipyard,  Sunderland        (S)  Nov.  1884 

Laing,  Jas.,  Jun.,  Deptford  Yard,  Sunderland          (S)  Nov.  1884 

Laing,  John,  c/o  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne           (E)  Nov.  1884 

Larkin,  James,  2,  William  Black  Street,  East  Jarrow-on-Tyne    ...  (E)  Nov.  1884 

Leckie,  Andrew,  Cambridge  Terrace,  West  Hartlepool      (SUR)  Oct.   1888 

Lewis,  R.  A.,  Newbum  Steel  Works,  Newburn-on-Tyne     (E)  Nov.  1884 

Liddell,  A.  R.,  10,  Buckt  Strasse,  Vegesack,  Germany       (S)  Nov.  1884 

Liddell,  J.,  c/o  Messrs.  Denny  &  Co..  Engine  Works,  Dumbarton...  (E)  Nov.  1884 

Lindfors,  Hugo,  16,  Alexandersgatan,  Helsingfors,  Finland  ...  (S)  May  1889 
Lineham,  Wilfrid  J.,  Goldsmiths'  Co.,  Technical  Institute,  New 

Cross,  London,  S.E.          Oct.    1890 

List,  John,  Orchard  House  Works,  Blackwall,  London,  E.           ...  (E)  April  1891 

Littleboy,  Chas.  Wm.,  12,  Shaftesbury  Street,  Stockton-on-Tees  ...  (S)  Oct.   1887 

Livingston,  Thos.,  Dunedin  House,  Jarrow-on-Tyne           (S)  Nov.  1884 

Livingstone,  John,  6,  Simonside  Terrace,  Heaton,  Newcastle-on-Tyne  (E)  Nov.  1884 

Lohmeyer,  H.,  43,  Crown  Street,  Newcastle-on-Tyne         (E)  Nov.  1884 

Long,  A.  E.,  124,  Albert  Road,  Jarrow-on-Tyne        (S)  Nov.  1884 

M. 

Macarthy,  Harry,  9,  Dean  Street,  Newcastle-on-Tyne       (E)  Nov.  1888 

MacColl,  Hector,  Messrs  Macllvainc  &  MacColI,  Belfast (E)  Dec.  1890 

Maccoy,  John,  55,  Larkspur  Terrace,  Newcastlc-on-Tyne (E)  Feb.  1886 

Mace,  W.,  253,  Albert  Road,  Jarrow-on-Tyne           (E)  Jan.  1886 

Macfarlane,  Andrew,  26,  Thornhill  Terrace,  Sunderland (E)  Dec.  1890 

MacGregor,  John,  2,  Michaelston  Villas,  Barrow-in-Furness        ...  (E)  Mar.  1888 

MacHaffie,  John,  635,  Terrace  Place,  Schenectudy,  New  York,  U.S.A.  (E)  Dec.  1885 
Macmillan,  Walter,  c/o  Sociedad  Anonima,  Astilleros  del  Nervion, 

Bilbao,  Spain         (E)  May  1891 

Macoll,'D.  C,  14.  Connaught  Terrace,  Jarrow-on-Tyne      (S)  Nov.  1884 

Manuel,  G.  W.,  Eildon,  Ravensbourne  Park,  Catford,  London      ...  (E)  Dec.  1885 

Marlborough,  Richard,  11,  Brookland  Road,  Sunderland    (S)  Nov.  1884 

Marr,  James,  6,  Ash  Place,  Sunderland         (S)  Nov.  1884 
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Marshall,  F.  C,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne  (E)  Nov.  1884 

Marshall,  Frank  T.,  38,  Percy  Gardens,  Tynemouth  (E)  i^^^"^^^  ^^^'   ^®^ 

^   ^  tMember,    Oct.   1888 

Marshall,  B.  J.,  17,  Larkspur  Terrace,  Newcastle-on-Tyne (E)  Mar.  1887 

MastagUo,  W.  D.,  34,  Gloucester  Street,  Newcastle-on-Tyne  ...  (E)  Nov.  1885 
Mather,  Charles,  44,  Warrington  Road,  Newcastle-on-Tyne  ...(SUR)  Oct.  1888 
Matheson,  William,  c/o  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co., 

Hebbum-on-Tyne (S)  Dec.  1889 

Matthews,  A.,  The  Baths,  Blyth          (S)  Nov.  1884 

Matthews,  Jas.,  c/o  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  Forth 

Banks,  Newcastle-on-Tyne         (E)  Oct,  1886 

Maughan,  Wm.,  15,  Addison  Road,  Heaton,  Newcastle-on-Tyne  ...  (E)  Mar.  1887 
Mavor,    Alfred    E.,    Victoria    Mansions,    32,    Victoria    Street, 

London,  S.W (E  E)  Feb.  1890 

McDougall,  Neil,  Managing  Director  British  Steam  Users'  Insur- 
ance Society,  Ld.,  4  &  5,  Victoria  Buildings,  Manchester     ...  (E)  Mar.  1890 

McGlashan,  Arch.,  26,  Milton  Street,  West  Hartlepool      (S)  Nov.  1885 

Mcllvenna,  J.  G.,  c/o  Messrs.  The  Tyne  Pontoon  and  Dry  Docks 

Co.,  Wallsend-on-Tyne (S)  Nov.  1884 

Mclntyie,  John,  3,  Abbotsford  Terrace,  Newcastle-on-Tyne        ...(SO)  Jan.  1886 

McKay,  Jno.,  19,  Victoria  Avenue,  Whitley (E)  Nov.  1884 

Menzies,  Wm.,  The  Side,  Newcastle-on-Tyne           (E)  Nov.  1884 

Messenger,  Thomas,  2,  Clarence  Lawn,  Dover,  Kent          (E)  Mar.  1887 

^etcalf,  J.  C,  4,  Azalea  Terrace  North,  Sunderland  ...  (SUR)  Nov.  1884 

Metcalfe,  C.  S.,  5,  Tunstall  Terrace  West,  Sunderland       (E)  Nov.  1884 

Micheli,  Pietro,  Jun.,  5,  Via  Assarotti,  Genoa  (E  li  N  A)  Oct.   1888 

Middlemass,  Thomas,  3,  Albert  Place,  Norton  Road,  Stockton-on- 

iccs  .•*         ...         ...         ...         ...          ...         ...         ...         *••  V    y  %/CX/.    xoc)«/ 

Milbum,  Christopher  J.,  14,  Falmouth  Road,  Heaton,  Newcastle-on- 

lyne ...        ...        ...        ...        ...        ...        ...        ...        ...  C^y  Feb.  1888 

Millar,  Thos.,  c/o  Messrs.  Sir  W.  G.  Armstrong,  Mitchell,  &  Co., 

Walker  Shipyard,  Walker-on-Tyne       (S)  Nov.  1884 

\r,n    m,  ,.    -  ,T  «,  ^  .    ,      ,       r„        ..V  f  Graduate,  Nov.  1886 

filler,  Thomas  B.,  6,  Vernon  Terrace,  Gateshead-on-Tyne  (E)i  „     ,       * 

•^      ^      ^Member,    Oct.   1888 

^ills,  John,  c/o  Messrs.  Greenock  Steam  Shipping  Co.,  Greenock  (E)  Feb.  1888 

^ills,  William,  Bridge  Crescent,  Sunderland           (E)  Feb.  1890 

^Une,  W.  J.,  2,  Westbourne  Avenue,  Walker-on-Tyne       (S)  Nov.  1884 

*Wton,  J.  T.,  Lloyd^s  Register  of  Shipping,  2,  White  Lion  Court, 

Comhill,  London,  E.C (E  SUR)  Nov.  1886 

^litchell,  Chas.,  Jesmond  Towers,  Newcastle-on-Tyne        (S)  Nov.  1884 

ifoffat,  D.,  36,  Falconar  Street,  Newcastle-on-Tyne            (E)  Nov.  1884 

Hoffitt,  George,  42,  Stanley  Street,  Blyth     (S)  Oct.  1888 

Moffitt,  Robert,  13,  Grace  Terrace,  Sunderland        (E)  Dec.  1885 

Moody,  Thomas  V.,  Riding  Mill,  Northumberland (E)  Dec.  1887 

Moor,  Frederick,  Lindenwood,  Park  Place,  Cardiff (E)  Oct.   1890 

Morgan,  W.  H.,  141,  Denmark  Street,  Heaton,  Newcastle-on-Tyne  (E)  Nov.  1884 
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Mo»son,  D.  B.,  8,  Albion  Terrace,  Hartlepool  (E)  Feb.  1885 

Mork,  Peter  (E)  Nov.  1884 

Morrison,  Robt.,  5,  Challoner  Terrace,  South  Shields  (E)  Nov.  1886 

Morrison,  William,  Lloyd's  Register  of  Shipping,  3,  St.  Nicholas' 

Buildings,  Newcastle-on-Tyne (ESUR)  Oct.   1890 

Morton, Richard Fraser, 33, Kenilworth Road, Newcastle-on-Tyne(E  SUR)  Oct.   1890 
Mountain,  William  Chas.,  Messrs.  E.  Scott  &  Co.,  Close,  Newcastle- 
on-Tyne       ...        ...        ...        ...        ...        ...        ...        ...  (E  E)  Feb.  1889 

Mudd,  Thomas,  Central  Marine  Engine  Works,  West  Hartlepool  (E)  Mar.  1886 
Muir,  J.  M.,  c/o  Messrs.  Wigham  Richardson  &  Co.,  Walker-on-Tyne  Nov.  1884 

Muir,  John,  10,  Rium  Terrace,  Hart  Road,  West  Hartlepool  ...  (E)  Oct.  1888 
Muir,  Robert,  17,  Westmorland  Road,  Newcastle-on-Tyne  ...(SUR)  Oct.  1886 
Myles,  David,  Sunderland  Engine  Works,  Sunderland       (E)  Nov.  1884 

N. 
Nastoupil,  John,   Chief   Engineer,  Austro- Hungarian  Navy,  34, 

Jesmond  Road,  Newcastle-on-Tyne       (E)  Nov.  1890 

Newitt,  Leonard,  c/o  Messrs.  Sir  W.  G.  Armstrong,  Mitchell,  &  Co., 

Blswick  Works,  Newcastle-on-Tyne      (E  E)  Dec.  1887 

Newton,  Richard,  Park  Square,  West  Hartlepool (E)  April  1889 

Newton,  W.  A.,  29,  Sea  View  Terrace,  South  Shields       (E)   f^J^]^^'  ^^7  ^^^^ 
*  ^   ^   (Member,     Oct.   1886 

Nichol,  B.  G.,  49,  Leazes  Terrace,  Newcastle-on-Tyne        (E)  Nov.  1884 

Nichol,  Thos.,  60,  Ripon  Street,  Monkwearmouth,  Sunderland  (SUR)  Nov.  1884 
Nicholson,  James   Day,  c/o   Messrs.   Mercantile   Dry  Dock   Co., 

Jarrow-on-Tyne      (S)  Mar.  1891 

Nicol,  John  M.,  10,  Linskill  Place,  North  Shields (E)  Nov.  1884 

Nicolson,  G.  C,   o/o  Mr.  Shearer,  Victoria  Jubilee  School,   /Graduate,  Oct.   1885 

Byker,  Newcastle-on-Tyne         (E)    v  Member,     Oct.    1888 

Nicolson,  J.  T.,  Engineering  Department,  University,  Cambridge         (E)  Nov.  1884 
Noble,  Harry,  Northern  Machine  Tool  Works,  Forth  Road,  New- 
castle-on-Tyne             (E)  Nov.  1888 

Norman,  W.  S.,  c/o  Messrs.  Tyne  Pontoon  and  Dry  Docks  Co., 

Wallsend-on-Tyne  (E)  Nov.  1884 

Norton,  Harold  P.,  Bureau  Steam  Engineering,  Navy  Department, 

Washington,  U.S.A.  Oct.   1890 

Noton,  F.  R.,  32,  Azalea  Terrace,  Sunderland  (S)  Nov.  1884 

Nunes,  Enrique  E.,  Engineer,  Argentine  Navy,  433,  Calle   Aya- 

cncho,  Buenos  Ayres        (E)  April  1891 

0. 
O'Neil,  J.  J.,  Messrs.  R.  Stephenson  &  Co.,  Shipyard,  Hebburn-on- 

Tyne...         ...         ...         ...        ...         ...         ...        ...        ...      (E)  Nov.  1884 

Orde,  E.  L.,  Orde  House,  Morpeth,  Northumberland  (E)  Oct.  1887 

Oxley,  G.,  Norman  Terrace,  Howdon-on-Tyne  Nov.  1884 

P. 
Pacey,  John  W.,  Messrs.  Thornwill  &  Warham,  Burton- on -Trent ...      (E)  Feb.  1888 
Parsons,  Hon.  Charles  A.,  Elvaston  Hall,  Ryton-on-Tyne (E  E)  Dec.  1887 
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Parsons,  Harry  F.,  5,  Holmside  Place,  Heaton,  Newcastle-on-Tyne       (E)  Dec.  1890 

Patterson,  Jas.,  The  Green,  Wallsend-on-Tyne        (E)  Nov.  1884 

Pattison,  Jos.,  c/o  J.  H.  Halletfr,  Esq.,  The  Docks,  Cardiff (E)  Nov.  1884 

Paulson,  John,  The  Wm.  Cramp  k  Sons'  Ship  and  Engine  Building 

Co.,  Philadelphia,  U.S.A.  (S)  Feb.  1886 

Peacock,  Alfred  Norman,  Lloyd's   Register  of  Shipping,  3,  St. 

Nicholas'  Buildings,  Newcastle-on-Tyne         (SUR)  Oct.    1890 

Pease,  J.  F.,  c/o  Messrs.  Darlington  Forge  Co.,  Darlington (E)  Dec.  1888 

Penney,  R.  tf .,  Board  of  Trade  Offices,   St.   Katharine's  Dock 

House,  Tower  Hill,  London,  W (S  SUR)  Nov.  1884 

Pepper,  W.,  The  Groves,  Yarm  Road,  Stockton-on-Tees     (E)  Nov.  1888 

Petersen,  John  L.,  18,  Bellerby  Terrace,  West  Hartlepool (E)  Oct.    1888 

Petree,  James,  c/o  Messrs.  Laird  Bros.,  Birkenhead (S)  Oct.   1885 

Philipson,  Roland,  Tynemouth  (E)  Dec.  1884 

Phillips,  Walter,  108,  Fenchurch  Street,  London,  B.C.      ...     (N  A  li  E)  Oct.  1886 

PhoTson,  P.,  86,  Roker  Avenue,  Sunderland (S)  Nov.  1884 

PiandjLeon,  Bureau  Veritas,  8,  Place  de  la  Bourse,  Paris (N  A)  Nov.  1888 

Pilcher,  F.  J.,  3,  City  Buildings,  Old  Hall  Street,  Liverpool         ...      (S)  April  1887 
Pilling,  J.,  11,  Rosslyn  Terrace,  Chester  Road,  Sunderland  ...  Nov.  1884 

Pitt,  Frederick  William,  26,  Wilberforce  Terrace,  Gateshead-on- 

Tyne (E  SUR)  Oct.   1890 

Plotnicki,  E.  C,  18,  Frank  Place,  North  Shields     (E)  Nov.  1886 

Poli,Hodolfo,  Chioggia,  Italy (N  A)  Jan.  1890 

Potts,  Matthew,  86,  Glen  Terrace,  Hebburn-on-Tyne         (S)  Dec.  1890 

Pottj.  Robert,  11,  Mount  Pleasant,  Deptford,  Sunderland (S)  Oct.   1888 

Prest,  Stanley  Faber,  2,  Suffolk  Lane,  Cannon  Street,  I^ndon    ...     (E)  Mar.  1888 
Price.  John,  6,  Osborne  Villas,  Jesmond,  Newcastle -on -Tyne        ...      (S)  Nov.  1884 

Prince,  Alfred,  Kent  Villa,  Jarrow-on-Tyne (E)  Nov.  1884 

Proud,  Anthony,  Tyne  Docks,  South  Shields (E)  Dec.  1888 

P^"iy,  A.  J.,  Drawing  Office,  Navy  Yard,  Washington,  D.C.,  U.S.A.  Nov.  1884 

Pwves,  David,  10,  Holland  Park  Gardens,  London,  W (SUR)  Dec.  1885 

Putnam,  T.,  Darlington  Forge,  Darlington (F  M)  Nov.  1884 

Putnam,  William,  Darlington  Forge,  Darlington     (F  M)  Nov.  1884 

Q 

Qaicke,  Herbert  John,  Summerhill  House,  Blaydon-on-Tyne       ...      (E)  Feb.   1891 

R. 

^,John,  4,  Grey  Street,  Glasgow,  N.B (E)  April  1886 

^alston.G.C,  5,  Watson's  Villas,  Arthur's  II  ill,  Newcastle-on-Tyne  (E)  Oct.   1887 

^Daage,  J.  T.,  The  Hawthorns,  Bonnington,  Edinburgh (E)  April  1887 

^imsay,  C.  W.,  Homsborg,  Lgungby,  Sweden         Nov.  1884 

Rankine,  Jno.,  16,  Ribblesdale  Road,  Hornsey,  London,  N.           ...  (E)  Nov.  1884 

%ner,  Thomas,  24,  Side,  Newcastle-on-Tyne          (E)  Oct.   1889 

Keadhead,  Jas.,  Beach  View,  South  Shields (S)  Nov.  1884 

Readhead,  John,  Jun.,  18,  Thomas  Street,  South  Shields (E)  Mar.  1886 

Keadhead,  R.,  28,  Sea  View  Terrace,  South  Shields            (E)  Nov.  1884 

Beadhead,  W.  B.,  South-garth,  Westoc,  South  Shields       (S)  Nov.  1886 
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Reavell,  W.,  c/o  Babcock  &  Wilcox,   114,  Newgate  Street,  (  Graduate,  Aprill885 

London,  E.C (E)  ^  Member,    Oct.    1887 

Reed,  Joseph,  25,  Side,  Newcastle-on-Tyne (E)  Oct.   1889 

Reed,  J.   W.,  c/o   Messrs.   Palmer's  Shipbuilding  and  Iron  Co., 

Limited,  Engine  Works  Department,  Jarrow-ou-Tyne  ...  (E)  Nov.  1884 
Rennoldson,  C,  Messrs.  J.  P.  Rennoldson  &  Sons,  South  Shields  ...  (S)  Jan.  1886 
Rennoldson,  Jos.  M.,  Messrs.  J.  P.  Rennoldson  &  Sons,  South  Shields  (S)  Feb.  1886 
Reynolds,  Charles  H.,  c/o  Messrs.  Sir  W.  G.  Armstrong,  Mitchell,  & 

Co.,  Walker-on-Tyne        (%)  Mar.  1889 

Reynolds,  Edward,  c/o  Messrs.  Vickers,  Sons,  &  Co.,  Sheffield      ...      (E)  Jan.  1888 

Reynolds,  W.  G.,  36,  Meldon  Terrace,  South  Shields  (E)  Oct.  1886 

Richardson,  Philip  Wigham,  Neptune  Works,  Walker-on-Tyne    ...       (S)  Nov.  1890 

Richardson,  Wigham,  Neptune  Works,  Walker-on-Tyne     (S)  Nov.  1884 

Richardson,  Wm.,  Hartlepool  Engine  Works,  Hartlepool (E)  Oct.   1888 

Richardson,  T.,  Jun.,  Hartlepool  Engine  Works,  Hartlepool        ...      (E)  April  1888 

Rickaby,  A.  A.,  Bloomfield  Engine  Works,  Sunderland     (E) 

Ridley,  J.  H.,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne  (E)  Nov.  1884 

Rimmington,  R.  F.,  6,  Cliff  Terrace,  Hartlepool       (E)  Nov.  1888 

Ritson,  M.,  Lloyd's  Register  of  Shipping,  2,  White  Lion  Court, 

Comhill,  London,  E.C (E  SUR)  Nov.  1884 

Robinson,  B.  A.,  12,  Harold  Street,  Sunderland       (E)  Nov.  1884 

Robinson,  Frederick  F.,  Adelphi  Road,  Epsom,  Surrey      (E)  Dec.  1888 

Robinson,   William,   7,    Choppington    Street,    Newcastle-on- ("Graduate,  May  1885 

Tyne  (E)  ^Member,   April4888 

Robson,  Arthur,  Messrs.  J.  Blumer&  Co.,  Sunderland        (S)  Dec.  1886 

Robson,  George,  9,  Wellington  Terrace,  South  Shields       (E)  Oct.   1889 

Robson,  John  H.,  Engineering  Department,  Sociedad  Anonima, 

Astilleros  del  Nervion,  Bilbao,  Spain (E)  Nov.  1885 

Robson,  J.  M.,  c/o  W.  Whyte,  B,  Lombard  Street,  Newcastle-on-Tyne  (E)  Nov.  1884 
Robson,  M.,  19,  Zion  Terrace,  Newcastle  Road,  Sunderland  ...      (S)  Nov.  1884 

Roger,  Robert,  Stockton-on-Tees         (E)  Nov.  1888 

Rogers,  Herbert  M.,  Lloyd's  Register  of   Shipping,  Merchants' 

Exchange,  Cardiff (SUR)  April  1889 

Rooke,  Charles  Bowden,  Jun.,  St.  Paul's  Road,  West  Hartlepool ...      (E)  Nov.  1889 

Ropner,  Robert,  Jun.,  Preston  Hall,  Stockton-on-Tees        (S)  Feb.  1886 

Rowan,  Jas.,  231,  Elliott  Street,  Glasgow      (E)  Nov.  1886 

Rowell,  G.  W.,  1,  Garden  Terrace,  Blaydon-on-Tyne  (E)  Feb.  1885 

Rowell,  H.,  45,  Glen  Terrace,  Hebbum-on-Tyne      Nov.  1884 

Rusden,  L.,  11,  Mistletoe  Road,  Jesmond,  Newcastle-on-Tyne      ...      (E)  Nov.  1884 
Rutherford,  G.,  c/o  Messrs.  Wallsend  Slipway  Co.,  Engine  Works, 

Cardiff         ...        ...        ...        ...        ...        ...        ...        ...      (S)  Oct.   1886 

Rutherford,  T.  A.,  93,  Roker  Avenue,  Sunderland (S)  Nov.  1884 

Ryder,  C.  L.,  63,  Bute  Street,  Cardiff (E)  Oct.   1886 

S. 

Salmon,  P.  R.,  St.  Bede's  Park,  Sunderland (E  SUR)  Nov.  1884 

Sanderson,  J.^31,  Park  Road,  Jarrow-on-Tyne        (S)  Nov.  1884 
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Sandison,  M.,  EI swick  Shipyard,  Newcastle-on-Tync        (E)  Dec.  1884 

Sawyers,  John,  c/o  Messrs.  Thos.  Wilson,  Sons,  &  Co.,  Hull           ...  (E)  Oct.    1886 

Schaeffer,  A.  G.,  4,  Benton  Terrace,  Newcastle-on-Tyne    (E)  Nov,  1884 

Scorer,  G.  S.,  c/o  Messrs.  T.  Sc  W.  Smith,  North  Shields     (S)  Jan.  1885 

Scotson,  Alf.,  80,  High  Street,  Hartlepool  East       (S)  Feb.  1887 

Scotson,  Wm.,  78,  Stafford  Street,  Wedncsbury       (E)  Nov.  1S84 

Scott,  Ernest,  Close  Engine  Works,  Newcastle-on-Tyne     (E  E)  Nov.  1884 

Scott,  George  Tnnes,  Three  Indian  Kings'  Court,  Quayside,  New- 
castle-on-Tyne                 ...  (E)  Oct.   1880 

Bcott,  Joseph  R.,  9,  Queen  Street,  Newcastle-on-Tyne       (E)  Oct.  1887 

Scuplock,  Thos.  Henry (S)  Oct.   1890 

Seabury,  Edward,  40,  West  India  Road,  Limehouse,  London,  E (E)  Mar.  1886 

Seaman,  C.  J.,  19,  Willington  Street,  Stockton-on-Tees    (E)  Jan.  1889 

Seaton,  Albert  Edward,  Messrs.  Earle's  Shipbuilding  Co.,  Hull   ...  (E)  Jan.   1891 

Sells,  0.  Degrave,  20,  Via  Almeria,  Genoa,  Italy (E)  Oct.  1887 

Shand,  H.,  41,  Grosvenor  Place,  West  Jesmond,  Newcastle-on-Tyne  (E)  Nov.  1884 

Sharp,  A.  E.,  4,  Bede  Bum  Road,  Jarrow-on-Tyne (E)  Nov.  1884 

Sharp,  Mark,  144,  Albert  Road,  Jarrow-on-Tyne      (E)  Dec.  1889 

Sharpe,  H.  R.,  11,  Zingari  Terrace,  Upton  Forest  Gate,  London  ...  (E)  Nov.  1888 

Shaw,  Jas.,  17,  Normanby  Terrace,  Gateshead-on-Tyne     (E)  Jan.  1885 

Sheriff,  Thomas,  c/o  Messrs.  Robert  Mackill  &  Co.,  Glasgow         ...  (E)  April  1890 

SheviU,  W.  H.,  5,  Avenue  Terrace,  Sunderland        Nov.  1884 

Short,J.Y.,  49,  West  Sunniside,  Sunderland           (S)  Nov.  1884 

Bhort,Jo8.,  49,  West  Sunniside,  Sunderland (S)  Nov.  1884 

Shotten,  John  W.,  13,  Meldon  Terrace,  Heaton,  Newcastle-on-Tyne  (SUR)  Nov.  1886 

Simpson,  Edward,  2,  Neptune  Road,  Wallsend-on-Tyne    (S)  Dec.  1890 

Sinclair,  R.,    c'o   Messrs.   J.   Wildridge  &  Sinclair,    Consulting 

Engineers,  Sydney,  N.S.W (E)  Nov.  1884 

Sinton,  John  K.,  7,  Grasmere  Terrace,  Gateshead-on-Tyne           ...  (E)  Nov.  188r> 

Sisson.  Wm.,  Gloucester           (E  It  N  A)  Oct    1888 

Sisterson,   G.   R.,   Locomotive   Department,   London  and   South 

Western  Railway,  Nine  Elms,  London,  S.W (E)  Nov.  1884 

Si?e\\Tight,  G.  W.,  5,  Radcliffe  Terrace,  Hartlepool            (S)  Nov.  1880 

Smith,  C.  Hul>ert,  Board  of  Trade  Offices,  North  Shields (SUR)  May  1889 

Smith,  C.  E.,  89,  Scarborough  Street,  West  Hartlepool      (E)  Nov.  1888 

Smith,  Eustace,  5,  Queen  Street,  Newcastle-on-Tyne          (S)  Nov.  1884 

Smith,  R.  J.,  Pier  Engine  Works,  South  Dock,  Sunderland           ...  (E)  Nov.  1884 

Smith,  Reginald  Thomas,  St.  John's  College,  Cambridge (E)  April  1888 

Smith,  Thomas,  Steam  Crane  Works,  Old  Foundry,  Kodley,ncar  Leeds  (E)  Oct.    1888 
Smith,  Thomas  Edward,  Messrs.  John   Smith  &   Sons,  Newgate 

Street,  Newcastle-on-Tyne          (E)  April  1885 

Smith,  Wm.,  51,  Dock  Street  East,  Sunderland        (E)  Nov.  1884 

Soliani,  Nabor,  Connitato  Pei  Designa  dclle  Navi  Miuistcro  dilla 

Marina,  Roma,  Italy         ...        ...        ...        ...  (S)  Jan.   188') 

Soulsby,  J.  C,  4,  Bute  Crescent,  CardifE        (SUR)  Nov.  188G 

Sowter,  Isaac  G.,  867,  East  Congress  Street,  r>etroit,  Michigan, 

Ut"iA,     ...    •••    ...    ...    •••    •••    •••    •••  Jan.  looJ 
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Spear,  John,  c/o  Messrs.  T.  Wilson  &  Sons,  Hull      (E)  Oct.  1887 

Spearman,  Richard,  118,  York  Street,  Jarrow-on-Tyne      (E)  Feb.  1889 

Spence,  Henry  Grant,  Messrs.  Richaixison,  Duck,  &  Co.,  Stockton- 

on-Tees       (S)  Oct.   1890 

Spence,  James  C,  Messrs.  Tyne  Boiler  Works  Co.,  Walker-on- 

Tyne,  or  23,  Waverley  Terrace,  Newcastle-on-Tyne (E")  Dec.  1888 

Spencer,  J.  W.,  Newburn  Steel  Works,  Newburn-on-Tyne            ...  (E)  Feb.  1885 

Stafford,  William,  Dunston-on-Tyne (E)  Nov.  1885 

Stansfield,  George  R.,  Aberdare  Terrace,  South  Shields      (E)  Mar.  1891 

Stephenson,  C,  5,  West  View,  Wallsend-on-Tyne (S)  Nov.  1884 

Stevenson,  Wm.,  6,  West  View,  Wallsend-on-Tyne             (E)  Nov.  1884 

Stewart,  H.,  c/o  Messrs.  Rollo  &  Co.,  10,  Fulton  Street,  Liverpool  (E)  Nov.  1888 

Stewart,  James,  31,  Lily  Avenue,  Jesmond,  Newcastle-on-Tyne    ...  (E)  Oct.    1890 

Stirling,  Andrew,  Jun.,  3,  Greenvale  Terrace,  Dumbarton (E)  Feb.  1888 

Stirzaker,  J.  C,  16,  Grosvenor  Place,  Newcastle-on-Tyne (E)  Nov.  1884 

Stoddart,  J.  E.,  Lloyd's  Register  of  Shipping,  Dock  Office,  West 

Hartlepool (E  SUR)  Oct.   1888 

Stokoe,  Thomas  W.,  4,  Lower  Archer  Street,  West  Hartlepool    ...  (S)  Dec.  1885 

Stone,  Wm.,  13,  Rosslyn  Terrace,  Sunderland          Nov.  1884 

Stonehouse,  Andrew,  Jun.,  c/o  General  Steam  Navigation  Co.'s 

Works,  Deptford,  London,  S.E (S)  Oct    1890 

Strong,  George  Aaron,  West  Percy  Street,  North  Shields (E)  Dec.  1889 

Summers,  James,  114,  Grange  Road  West,  Middlcsborough  ...  (E)  Mar.  1889 
Surtees,  R.,  c/o  Sociedad  Anonima,  Astilleros  del  Nervion,  Bilbao, 

Spain           ...         ...         ...        ...  (E)  Nov.  1884 

Sutton,  James,  84,  Westmorland  Road,  Newcastle-on-Tyne          ...  (S)  Jan.  1885 

Sutton,  Jos.,  84,  Westmorland  Road,  Newcastle-on-Tyne   (E)  \  '         ' 

^       ^  ^   iMember,    Oct.   1886 

Swan,  A.  S.,  Grove  House,  Gosforth,  Newcastle-on-Tyne (S)  Nov.  1888 

Swan,  H.  F.,  Beaufront  Castle,  Hexham       ...  (S)  Nov.  1884 

Swan,  Thomas,  Bank  Place,  Leslie,  Fifeshire           Nov.  1884 

Swinburne,  T.  M.,  Bewick  Road,  Gateshead-on-Tyne         (E)  Jan.  1886 

Swinburae,  M.  W.,  117,  Park  Road,  Newcastle-on-Tyne (E)  Nov.  1884 

Swinney,  W.,  10,  Wentworth  Terrace,  Westoe  Lane,  South  Shields  (E)   Dec.  1888 

Sydserff,  Thomas  B.,  Jun.,  6,  The  Polygon,  Clifton,  Bristol         ...  (E)  Oct.   1888 

T. 

Tate,  Chas.  H.,  7,  Side,  Newcastle-on-Tyne (N  A)  Nov.  1884 

Tatham,  Stanley,  Montrose,  Bromley  Park,  Bromley,  Kent  ...  (E)  Feb.  1887 
Taylor,  Alexander,  Mercantile  ChamV>crs,  Quayside,  Ncwcastle-on- 

Tyne            ...        ...         ...        ...        ...        ...        ...        ...  (E)  Nov.  1884 

Taylor,  C.  W.,  South  Garth,  Westoe,  South  Shields            (E)  April  1885 

Thaw,  Thomas,  1,  Clarence  Street.  Newcantlo-on-Tyne     (E)  Dec.  1889 

Thompson,  C.  E.,  Messrs.  J.  L.  Thompson  &  Sons,  Sunderland     ...  (S)  Nov.  1884 

Thompson,  Charles,  9,  Dean  Street,  Newcastle-on-Tyne    (E)  Feb.  1887 

Thompson,  Jas.,  1 1 ,  Elmwood  Street,  Sunderland (E)  Dec.  1886 
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Thompson,  John,  Post  Office  Chambers,  Newcastle-on-Tyne         ...(C  E)  Nov.  1884 

Thompson,  John,  8,  The  Brae,  Sunderland (SUR)  Dec.  1890 

Thompson,  J.  L.,  Jan.,  North  Sands  Shipyard,  Sunderland  ...      (S)  Nov.  1884 

Thompson,  Robert,  North  Sands  Shipyard,  Sunderland     (S)  Nov.  1884 

Thomson,  James,  Jun.,  M.A.,  c/o  Messrs.  Sir  W.  G.  Armstrong, 

Mitchell,  &  Co.,  Ordnance  Works,  Elswick,  Newcastle-on-Tyne  (E)  Nov.  1890 

Thom,  W.  H.,  5,  Waterville  Terrace,  North  Shields (E)  Nov.  1884 

Tinkler,  Robert  Harrison,  44,  Blyth  Terrace,  Gateshead-on-Tyne...      (E)  April  1891 

Tinwell,  George,  General  Gordon  Terrace,  Sunderland      (E)  Jan.  1889 

Todd,  Surtees,  c/o  Messrs.    R.  &   W.    Hawthorn,   Leslie,  &  Co., 

Hebbum-on-Tyne (S)  Nov.  1884 

Todd,  Thomas,  20,  Billiter  Street,  London,  E.C (E)  Nov.  1885 

Tone,  John  M.  F.,  60,  Clayton  Park  Square,  Newcastle-on-     /Graduate,  April  1885 

Tyne  »        (E)     vMember,    Oct.   1887 

Topham,  Henry  George,  17,  Grafton  Road,  Whitley,  Northumber- 
land ...        ...       (E)  May  1891 

T         «,        ,    ^        .   -r   ..        «.         m  ,       r-v      r Graduate,  Nov.  1886 

rowers,  Edward,  Jun.,  4,  Latmier  Street,  Tynemouth      (E)     i  „     ,         ^       ,  ^ 
^  -^  ^   ^     I  Member,    Oct.   1888 

Trewent,  F.  J.,  9,  Northumberland  Terrace,  Tynemou^ (S)  Dec.  1884 

Tritton,  S.  B.,  Assistant   Locomotive   Superintendent,    Eastern 

Bengal  State  Railway,  Kanchrapara,  Bengal,  India  ...  (E)  Nov.  1884 

Mp, George,  28,  Henry  Street,  Hendon  Road,  Sunderland  ...  (E)  Dec.  1888 
Turner,  Henry  John,  c/o  Messrs.  R.  Stephenson  &  Co.,  South 

Street,  Newcastle-on-Tyne         (£)  Feb.  1888 

Twner,  8.  J.,  74,  Tynemouth  Road,  Heaton,  Newcastle-on-Tyne...  (E)  Mar.  1887 

Tweddell,  R.  H.,  Meopham  Court,  Gravesend,  London      (E)  Jan.  1885 

Tweedy,  J.,  Neptune  Works,  Walker-on-Tyne  (E)  Nov.  1884 

Twigden,  George  J.,  80,  King's  Road,  Canton,  Cardiff       (E)  Jan.  1890 

Tyzack,  George,  Dean  Street,  South  Shields (E)  April  1888 

U. 

^^lom,  Otto,  Messrs.   Crompton,  Ullstrom,  &  Crompton,  19, 

Qracechurch  Street,  London,  E.C (S)  Nov.  1884 

^,  John,  The  Arsenal,  Pola,  Austria  (E)  Nov.  1885 

V. 

^ianson,  N.  E.,  vid  Galeazzo  Alessi  6  into  1,  Genoa,  Italy (E)  Dec.  1885 

Vick,  B.  W.,  Messrs.  E.  Withy  &  Co.,  West  Hartlepool      (S)  Nov.  1888 

W. 

l^adagaki,  Yasuzo,  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 

Newcastle-on-Tyne  ...         ...        ...        ...        ...        ...      (E)  Jan.  1891 

Wailes,  E.  F.,  4,  St.  Nicholas'  Buildings,  Newcastle-on-Tyne       ...  (N  A)  Nov.  1884 

Wailes,  T.  W.,  Mount  Stuart  Dry  Docks,  Cardiff     (E  $t  S)  Oct.  1887 

Walker,  Archibald,  147,  Constitution  Street,  Lcith,  N.B (E)  April  1887 

Wallau,  J.,  c/o  Messrs.  Black,  Hawthorn,  &  Co.,  Gateshead-on-Tyne      (E)  Nov.  1884 

Walliker,  J.  F.,  6,  Lovaine  Terrace,  North  Shields (E)  Nov.  1886 

F 
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Wallis,  Robert,  75,  Hcaton  Park  Road,  Heaton,  Ncwcastle-on-Tyne      (E)  April  1891 

Walton,  J.  G.,  26,  Fenchurch  Street,  London,  E.C (E)  Nov.  1884 

Warburton,  J.,  16,  Elmwood  Street,  Sunderland      Nov.  1884 

Wardale,  Henry,  6,  CoUingwood  Terrace,  Gateshead-on-Tyne      ...      (E)  Feb.  1888 
Warren,  G.  R.,  Lloyd's  Register  of  Shipping,  Constantinople      ...(SUR)Nov.   1888 

Watt,  Adam,  14,  The  Avenue,  Sunderland (SUR)  Nov.  1884 

Watt,  Robert  B.,c/o  Messrs.  Raylton  Dixon  &  Co.,  Middlesborough      (S)  April  1888 

Watts,  Philip,  Elswick  Shipyard,  Newcastlc-on-Tyne       (S)  Nov.  1885 

Waugh,  G.  W.,  Monkseaton,  near  Newcastle-on-Tyne        (E)  May  1885 

Weatherall,  J.,  c/o  Messrs.  Naval  Construction  &  Armament   f  Graduate,  Oct.  1885 

Co.,  Barrow-in-Furness (E)   I  Member,    Oct.  1887 

Weighton,  R.  L.,  M.A.,  Durham  College  of  Science,  Barras  Bridge, 

Newcastle-on-Tyne  (E)  Nov.  1884 

Weir,  John,  Engine  Department,  Messrs.  A.  Stephens  &  Sons,  Lint- 
house,  Glasgow      (E)  Nov.  1884 

Weir,   William,  c/o  Messrs.  Wigham  Richardson  &  Co.,  Walker- 

on-Tyne       ...        ...        ...        ...        ...        ...        ...        ...      (E)  Nov.  1889 

West,  Henry  H.,  14,  Castle  Street,  Liverpool  (E  *  N  A)  Oct.   1886 

Westgarth,  Tom,  Messrs.  Westgarth,  English,  &  Co.,  Middlesborough      (E)  Oct.    1886 
Westmacott,  P.  G.  B.,  Elswick  Engine  Works,  Newcastle-on-Tyne      (E)  Nov.  1884 

White,  C,  13,  Mosley  Street,  Newcastle-on-Tyne (E)  Nov.  1884 

White,  R.  S.,  Fairfield  Works,  Govan,  Glasgow       (S)  Nov.  1884 

Whyte,  Wm.,  B,  Lombard  Street,  Newcastle-on-Tyne        (E)  Nov.  1884 

Widdas,  T.  D.,  5,  St.  Michael's  Road,  Aigburth  Road,  Liverpool      (SUR)  April  1886 

Wiles,  John  W.,  6,  West  View,  Wallsend-on-Tyne     (S)  Nov.  1886 

Wilkie,  J.,  9,  Croft  Avenue,  Sunderland         (E)  Nov.  1884 

Willcox,  F.  W.,  45,  Sunniside  West,  Sunderland      (E)  Nov.  1884 

Williams,  J.,  3,  Azalea  Terrace,  Sunderland (SUR)  Nov.  1884 

Williams,  T.  Fitzroy,  64,  Linskill  Terrace,  Tynemouth      (E)  Feb.  1890 

Wilson,  J.  T.,  Spennymoor  House,  Spennymoor       ...        (E)   I    ^a  °a  ©»    P 

'    ^      ^  ^   ^   (Member,    Feb.  1886 

Wilson,  Robert,  19,  Victoria  Street,  Newcastle-on-Tyne     (S)  Oct.  1887 

Winstanley,'  P.  D.,  c/o  Messrs.  Sir  W.  G.  Armstrong,  Mitchell,  & 

Co.,  Elswick  Shipyard,  Newcastle-on-Tyne     (S)  Nov.  1884 

Wisnom,  Hugh,  50,  Fitzroy  Avenue,  Belfast           (E)  Oct.   1890 

Withy,  H.,  Middleton  Shipyard,  West  Hartlepool  (S)  Nov.  1884 

Worsdell,  Wilson,  North-Easteni  Locomotive  Works,  Gateshead-on- 
Tyne            (E)  Dec.  1888 

Wotherspoon  R.,  Board  of  Trade  Offices,  West  Hartlepool          (E  SUR)  April  1889 

Wright,  R.,  25,  Westmorland  Road,  Newcastle-on-Tyne     Nov.  1884 

T. 

Young,  J.  D.,  16,  Western  Hill,  Sunderland  (E)  Oct.   1888 

Younger,  R.,  Elmire  House,  Hcaton,  Newcastle-on-Tyne (E)  Nov.  1884 

Z. 

Zeeman,  J.  H.,  c/o  Messrs.  The  Maas  Co.,  Rotterdam         (S)  Oct.   1889 

Zeltz,  A.,  Actien  Gcsellschaft,  Weser-in-Bremen     (E)  Nov.  1884 
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ASSOCIATES. 

■A..  KLKCTED. 

Allison,  J.  S.,  West  Hartlepool  (S  O)  Jan.  1891 

Armstrong,  S.,  14,  Victoria  Place,  Hartlepool  (A)   Nov.  1888 

B. 

Bacon,  William  Charles,  Chadwick  House,  West  Hartlepool  ...  (S  O)  Dec.  1890 
BarUam,  George,  167,  Dudley  Port,  Tipton,  Staffordshire  ...  April  1888 

Barniclough,  Thomas,  West  Hartlepool  Steam  Navigation   Co., 

West  Hartlepool (S  O)  Dec.  1890 

Bamick,  J.  S.,  Ashbrook  Grange,  Sunderland         (S  O)  Nov.  1884 

Bell,  John  Henry,  North  Cliff,  Roker,  Sunderland  ...      (I  *  S  M)  Oct.  1887 

Bigge,  C.  W.,  Northern  Counties  Club,  Newcastle-on-Tyne  ...      (A)  Dec.  1889 

Blacklin,  Richard  James,   Dinsdale  House,   Brougham  Terrace, 

West  Hartlepool (S  O)  Dec.  1890 

Branfoot,  W.  J.,  Messrs.  Tyzack  k  Branfoot,  18,  John  Street, 

Sunderland  (S  O)  Dec.  1887 

Griggs,  B.  S.,  Moorlands,  Sunderland  (S  O)  Dec.  1886 

Bmnton,  John,  3,  Prior's  Terrace,  Tynemouth         (S  O)  Oct.   1886 

C. 

Can,  Ralph,  Thomleigh,  Clayton  Road,  Newcastle-on-Tyne  (A  Ik  S  O)  Nov.  1886 
Cassap,  William,  23,  Cawley  Road,  Victoria  Park,  London,  N.E.  ...(SUR)  Feb.  1890 
CWlton,  W.  A.,  St.  Nicholas'  BuUdings,  Newcastle-on-Tyne       ...      (A)  Mar.  1888 

Cohan,  Edward  Asher,  2,  Rumford  Place,  Liverpool  (S  O)  Nov.  1889 

Common.  Francis  James,  5,  Elms  West,  Sunderland  ...       (Ilk  S  M)  Oct.  1887 

Conner,  L.  R.,  Exchange,  West  Hartlepool (S  O)  Jan.  1891 

Corbitt,  Michael,  Rope  Works,  The  Teams,  Gateshead-on-Tyne   ...  (R  M)  Jan.  1890 

CoQU,John,  43,  Stanley  Street  West,  North  Shields  (S  O)  Oct.   1886 

Coverdale,  R.  H.,  Messrs.  J.  Coverdale  &  Sons,  Steamship  Owners, 

West  Hartlepool (SO)  Nov.  1888 

Crwier,  Edward  James^  9,  Lincoln  Terrace,  Gateshead-on-Tyne  ...      (A)  Oct.    1889 

Ciowther,  Joseph,  Dispensary  Lane,  Newcastle-on-Tyne (I  M)  Jan.  1889 

Cullifoid,  J.  H.  W.,  45,  West  Sunniside,  Sunderland  (S  O)  Nov.  1884 

D. 

Dixon,  Robert,  Rope  Works,  The  Teams,  Gateshead-on-Tyne       ...  (R  M)  Jan.  1890 

^ds,  A.  P.,  13,  Dean  Street,  Newcastle-on-Tyne (A)  Jan.  1889 

Doids,  Charles  Henry,  General  Manager  River  Wear  Commission, 

16,  Thornh ill  Terrace,  Sunderland       Oct.  1887 

I>odds,  John  B.,  13,  Dean  Street,  Newcastle-on-Tyne        Oct.  1888 

Dove,  Edward  John,  5,  St.  Nicholas'  Buildings,  Newcastle-on-Tyne  Oct.  1890 

F. 
harness,  Christopher,  M.P.,  Victoria  Terrace,  West  Hartlepool    ...  (S  O)  Oct.   1888 

G. 
Gamett,  William,   Principal,  The   Durham   College  of   Science, 

Newcastle-on-Tyne         Jan.   1889 
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BLBCTED. 

Gjemre,  Laaritz,  Maritime  Buildings,  King  Street,  Newcastle-on- 

Tyne  ...        ...        ...        ...        ...        ...        ...        ...(S  O}  Mar.  1886 

Greenwell,  Thos.  G.,  Sunderland         (SO)  Dec.  1886 

H. 

Haggle,  Stevenson,  Queen  Street,  Newcastle-on-Tyne         (R  M)  Oct.  1890 

Harland,  George,  1,  Westoe  Crescent,  South  Shields  (A)  Dec.  1888 

Hedley,  John  H.,  10,  Esplanade  West,  Sunderland (S)  Dec.  1886 

Heslop,  Richard  O.,  Akenside  Hill,  Newcastle-on-Tyne  ...  (I  |i  S  M)  Oct.  1886 
Hogg,  George  J.  H.,  N.B.C.  Insurance  Association,  West  Hartlepool  (S  O)  Oct.  1888 
Hollis,H.  B.,3,St.  Gteorge's  Terrace,  Jesmond,  Newcastle-on-Tyne  (Ilk  S  M)  Feb.  1885 

Hudson,  Ralph  M.,  Jun.,  8,  The  Cedars,  Sunderland  (SO)  Dec.  1886 

Hunting,  Charles,  Jesmond  Dene,  Newcastle-on-Tyne        (SO)  April  1886 

J. 

Jenkins,  William,  Coiisett  Hall,  Durhamshire         (I  Ik  S  M)  Nov,  1887 

Jobson,  W.  J.,  c/o  Messrs   Robert  Stephenson  &  Co.,  South  Street, 

Newcastle-on-Tyne  (A)  May  1889 

K. 

Kerr,  James,  18,  Azalea  Terrace  South,  Sunderland  (A)  Jan.  1888 

L. 

Loveridge,  W.  H.,  Albert  TeiTace,  West  Hartlepool (I  Ik  S  M)  Oct.   1888 

M. 

Macarthy,  George  B.,  9,  Dean  Street,  Newcastle-on-Tyne (S  O)  Oct.  1887 

Matthiessen,  P.  H.,  25,  Queen  Street,  Newcastle-on-Tyne (S  O)  Oct.   1888 

Maughan,  William,  13,  Mosley  Street,  Newcastle-on-Tyne (A)  Feb.  1887 

Mawson,  Rowland,  Bank  Chambers,  Quay,  Newcastle-on-Tyne    ...  (SO)  Jan.  1889 
McNabb,  Thos.,  Call's  Buildings,  Quayside,  Newcastle-on-Tyne   ...(S  O)  Nov.  1886 

Mctcalf,  Thomas,  18,  John  Street,  Sunderland         (SUR)  Jan.  1888 

Milburn,  J.  D.,  Queen  Street,  Newcastle-on-Tyne (SO)  Nov.  1884 

Miller,   T.    R.,    c/o    Messrs.    Lamplough    &    Co.,    72,    Cornhill, 

London        (A  Ik  S  O)  Nov.  1884 

Mudd,  John,  Sunderland  (I  Ik  S  M)  Nov.  1884 

Mulherion,  G.  F.,  Croft  Villa,  Jarrow-on-Tyne        (A)  Nov.  1884 

Muller,  J.  C.  F.,  28,  Vieille  Route,  Antwerp (SUR)  Feb.  1890 

N. 

Newby,  S.,  Messrs.  Thomson  &  Newby,  13,  Bridge  Street,  Sunder- 
land        (I  Ik  S  M)  Nov.  1884 

Nicholson,  John,  Marine  Superintendent,  West  View  House,  South 

Shields         Nov.  1890 

O. 

0'Hagan,James,  St.  Nazaire-sur-Loirc,  France         (A)  Oct.   1888 

Osboume,  Jas.,  Hylton,  Sunderland (S)  Jan.  1886 
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ELECTED. 
P. 

Pftnton,  Hugh,  38,  Fawcett  Street,  Sunderland       (11^  S  M)  Nov.  1887 

Patterson,  Thos.,  6,  Argyle  Square,  Sunderland       (S)  Jan.  1886 

Pattison,  W.  J.,  Messrs.  Hunting  &  Pattison,  Exchange  Buildings, 

Quayside,  Newcastle-on-Tyne (S  O)  April  1886 

Peny,  Edwin,  23,  Side,  Newcastle-on-Tyne (A)  Nov.  1886 

Phalp,  Oliver  Almora,  37,  Richmond  Road,  Cardiff (SUR)  Feb.  1889 

Pinkney,  Thomas,  Creswell  Villa,  Sunderland  (S  O)  Dec.  1886 

Pinrie,  Robert  Reid,  Trinity  Chare,  Quayside,  Newcastle-on-Tyne  (S  O)  Dec.  1889 

R. 

Ramsay,  J.  W.,  13,  Northbrook  Road,  Lee,  Kent (A)  Feb..  1886 

Reichwald,  A.,  Lombard  Street,  Newcastle-on-Tyne  (A)  Nov.  1884 

Beid,  Andrew,  Printer,  Akenside  Hill,  Newcastle-on-Tyne  ...  Nov.  1884 

Benwick,   G.,    Messrs.    Fisher,  Renwick,   &   Co.,  Queen   Street, 

Newcastle-on-Tyne  (S  O)  Nov.  1884 

Rickinson,  John,  9,  Church  Street,  West  Hartlepool  (S  O)  Nov.  1890 

Robson,  Frederick,  46,  Dean  Street,  Newcastl^-on-Tyne Oct.   1887 

Robeon,  Thos.,  38,  Nori;h  Bridge  Street,  Sunderland  (S  O)  Nov.  1884 

S. 

Scbolefield,  A.,  17,  Sandhill,  Newcastle-on-Tyne (SO)  Nov.  1884 

Scott,  W.  H.,  Messrs.  Scott  Brothers,  Dean  St.,  Newcastle-on-Tyne  (S  O)  Nov.  1884 
Snowdon,  W.  F.,  Salter's  Road,  Gosforth,  Newcastle-on-Tyne  ...  (E  A)  Dec.  1886 
Sqoance,  J.  W.,  Marine  Superintendent,  1 3,  The  Avenue,  Sunderland  April  1 888 

Steel,  George,  77,  Church  Street,  West  Hari;lepool (S  O)  Jan.  1891 

Swan,  Isaac  J.,  Grove  House,  Gosforth,  Newcastle-on-Tyne         ...  (S  O)  Feb.  1888 

T. 

Taylor,  John  W.,  28,  Bridge  Street,  Sunderiand      (S  O)  Dec.  1886 

Temperley,  C,  9,  Gracechurch  Street,  London        (SO)  Nov.  1885 

Thompson,  V.  T.,  Baltic  Chambers,  Sunderiand       (SO)  Dec.  1886 

Towers,  Edward,  4,  Latimer  Street,  Tynemouth      (A)  Oct.   1888 

Tweedy,  George,  1,  Crosley  Square,  London,  E.C (S  O)  Mar.  1889 

V. 

Variey,  John,  257,  High  Park  Road,  Leeds (I  Ik  S  M)  Mar.  1887 

W. 

Wait,  James,  Maritime  Buildings,  King  Street,  Newcastle-on-Tyne  (S  O)  Nov.  1884 

Wallace,  Wm.,  27,  South  Scarborough  Street,  West  Hariilepool    ...      (A)  Oct.    1888 

Ward,  Joseph,  c/o  Messrs.  Wallsend  Slipway  Co.,  Wallsend-on-Tyne  (A)  Nov.  1886 
Warren,  Reuben  Hynard,  Elswick  Works,  Newcastle-on-Tync     ...      (A)  Mar.  1890 

Watson,  Thomas  W.,  Marine  Superintendent,  Gisburn  House,  Hartlepool  Nov,  1890 

Welford,  Richard,  Gosforth,  Newcastle-on-Tyne      (SO)  April  1888 

Woods,  James  Jabez,  Messrs.  Herskind  &  Woods,  West  Hartlepool  (S  O)  Oct.    1888 


xlvi 

XLBCTBP. 

Y. 

Yeoman,  P.,  Messrs.  Murrell  &  Yeoman,  West  Hartlepool  ...  (S  O)  Nov,  1888 

Young,  William  M.,  Guildhall  Chambers,  Newcastle-on-Tyne     ...  (S  O)  Mar.  1889 
Younger,  Robert  Laurie,  Messrs.  Greenock  Steamship  Co.,  Limited, 

Greenock (A)  Feb.  1889 


GRADUATES. 

A. 

Adamson,  Daniel,  c/o  Messrs.  Joseph  Adamson  &  Co.,  Hyde        Feb.  1888 

B. 

Barbour,  John,  14,  Bslington  Terrace,  Newcastle-on-Tyne  Nov.  1890 

Beale,  Harry,  Otterburn  Villas,  Newcastle-on-Tyne  Jan.  1891 

Bell,  George  Arthur,  29,  Hawthorn  Street,  Newcastle-on-Tyne Oct.   1890 

Blackett,  Walter,  6,  Windsor  Crescent,  Newcastle-on-Tyne         Nov.  1886 

Boyd,  William,  Jun.,  North  House,  Long  Benton,  Newcastle-on-Tyne  ...  Nov.  1887 
Broclin,  Olof,  c/o  G.  E.  Petterson,  65,  Croft  Terrace,  Jarrow-on-Tyne     ...  Mar.  1890 

Brown,  William  Frank,  Dawson  Square,  Tynemouth  Mar.  1891 

Bryson,  John  J.,  69,  Mount  Pleasant,  Barrow-in-Furness Feb.  1889 

C. 

Clague,  James  Henry,  Birkenhead  Iron  Works,  Birkenhead        April  1891 

Cooper,  Arthur,  46,  Larkspur  Terrace,  Jesmond,  Newcastle-on-Tyne     ...  Mar.  1891 

Cooper,  William,  11,  Ridley  Place,  Kewcastle-on-Tyne     Nov.  1890 

Coull,  Alex.  B.,  43,  Stanley  Street  W.,  North  Shields         ...        Feb.  1887 

Cowan,  David,  22,  Clarendon  Terrace,  South  Shields        Nov.  1890 

D. 

Davis,  Thomas  Wilfred,  1,  Race  Street,  Newcastle-on-Tyne         Jan.  1891 

Dixon,  John  R.,  79,  Osborne  Road,  Jesmond,  Newcastle-on-Tyne  ...  Oct.   1887 

Donkin,  Samuel,  6,  Dean  Terrace,  Southwick,  Sunderland  Jan.  1888 

Doxford,  Albert  Ernest,  B.A.,  Grinden  Hall,  near  Sunderland     Oct.   1890 

Duckitt,  J.  Brentnall,  9,  St.  James'  Street,  Newcastle-on-Tyne Oct.   1888 

B. 
Elder,  Edward  Loudon  House,  Jarrow-on-Tyne       Nov.  1890 

F. 

Fairbaim,  Jas.,  Hendon  Valley  Road,  Sunderland May  1885 

Finch,  Herbert  K.,  10,  Eversley  Place,  Heaton,  Newcastle-on-Tyne       ...  Dec.  1888 

Foley,  Wm.  C.  le  B.,  12,  Grove  Street,  Newcastle-on-Tyne  Nov.  1887 

Freeman,  Alfred  J.,  2,  Regent  Terrace,  Newcastle-on-Tyne  Dec.  1890 

G. 

Gaine,  Roger  L.,  17,  Park  Place  E.,  Sunderland      Dec.  1887 

Gibson,  Joseph  H.,  8,  Coltart  Road,  Prince's  Park,  Liverpool       April  1891 

Gibson,  W.  H.,  East  Farm,  Fourstones  Jan.   1890 

Gilmour,  William  Laidlaw,  Lloyd's  Register  of  Shipping,  3,  St.  Nicholas' 

buildings,  Newcastle-on-Tyne Mar.  1890 
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CLBCTED. 


H. 

Hamilton,  James,  3,  Victoria  Square,  Newcastle-on-Tyne Oct.   1887 

Henshall,  Samuel,  9,  Chiester  Road,  Sunderland      May  1885 

Hewitt,  John,  29,  Holly  Street,  Jarrow-on-Tyne     Nov.  1890 

Hilbert  De  Mattos,  James,  42,  Russell  Square,  London      

Holey,  J.  T.,  17,  Rainton  Street,  Millfield,  Sunderland      ...         Jan.  1886 

Hume,  Alfred  Ernest,  34,  Burdon  Terrace,  Newcastle-on-Tyne     Oct.   1888 

K. 

Keen,  Harry  Bernard,  6,  Beanclere  Terrace,  Sunderland Dec.  1889 

King,  John,  24,  Gloucester  Road,  Newcastle-on-Tyne         Dec.  1890 

L. 

Lander,  John,  Messrs.  Wigham  Richardson  &  Co.,  Walker-on-Tyne        ...  Dec.  1889 

Lewis,  Ernest  Edward,  68,  Crown  Street,  Newcastle-on-Tyne     Mar.  1890 

Liebert,  Richard  A.  B.,  214,  Portland  Road,  Newcastle-on-Tyne Dec.  1888 

M. 
Macmillan,  Alexander  Stuart,  c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  St. 

Peter's,  Newcastle-on-Tyne        Nov.  1890 

McKenna,  Francis,  46,  Hodgson  Street,  Willington  Quay-on-Tyne         ...  Dec.  1890 

McRobie,  Frank,  19,  Oxford  Street,  Newcastle-on-Tyne Mar.  1889 

Metcalf,  Thos.,  Jun.,  18,  John  Street,  Sunderland May  1885 

Mofctt,  James,  7,  Murray's  Terrace,  Belfast,  Ireland         Dec.  1889 

N. 

Nicholson,  C,  9,  Sussex  Place,  Southampton  Nov.  J  888 

Nicholson,  Philip  Foster,  Sandfield,  West  Boldon,  near  Sunderland        ...  Dec.  1889 

O. 

^.Regmald,  18,  Bulwer  Street,  Shepherdls  Bush,  London,  W Mar.  1890 

^n,  Walter,  Neptune  Works,  Walker-on-Tyne Dec.  1890 

P. 

fattifion,  Matthew  Robson,  14,  Lambton  Street,  Sunderland       Mar.  1891 

Phillips,  George,  c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's,  New- 
castle-on-Tyne          Nov.  1890 

R. 

"^^  Joseph,  Springfield,  Forest  Hall 

Bickaby,  Augustine,  Bloomfield  Engine  Works,  Monkwearmouth,  Sunder- 

'**nci ...         ...         ...         ...         ...         ...         ...         ...         ...         ...  jNov.  looo 

^it«on,  Stanley  M.,  18,  St.  Bede's  Terrace,  Sunderland      Nov.  1887 

Wm,  Chisholm,  60,  St.  George's  Square^  Portsmouth  Dec.  1888 

>  A.  J.  C,  2,  Hawthorn  Terrace,  Newcastle-on-Tyne Oct.  1890 

^^tree,  Stanley,  62,  Neptune  Road,  Wallsend-on-Tyne  Jan.  1891 

Batherford,  J.  T.,  40,  Whamcliffe  Street,  Newcastle-on-Tyne      Jan.  1886 

S. 
Shaw,  Thomas,  Messrs.  Naval  Construction  &  Armament  Co.,  Barrow-in- 

'  UXUwOO  •••  •••  •••  •••  •••  •••  •••  .*•  •••      LJv^G*      lOoO 

Stinner,  Leslie,  22,  Ravensboume  Terrace,  South  Shields  Dec.  188G 
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ELKCTBD. 

Smith,  Launcelot  Eustace,  34,  Lovaine  Place,  Newcastle-on-Tyne         ...  Oct.   1889 

Bmithson,  Alfred  Edward,  1,  Dawson  Square,  Tynemouth  Jan.  1891 

Stephens,  Henry  C.  J.,  4,  Wilberforce  Street,  Wallsend-on-Tyne Oct.   1890 

Stoddart,  Swinton,  24,  North  Milbum  Street,  Sunderland  May  1886 

Strang,  T.  Rankine,  53,  Beverley  Terrace,  Cullercoats       Nov.  1888 

Swan,  Charles  Sheriton,  29,  Percy  Gardens,  Tynemouth     ...  Nov.  1890 

T. 

Taylor,  M.,  Hawthorn  Road,  Gosforth,  Newcastle-on-Tyne         Feb.  1889 

W. 

Wedgewood,   Josiah    Clement,    7,    Sydenham   Terrace,    Newcastle-on- 

xy^ne  •*■         ...         «••         ...         •■■         •«•         •••         ••«         ...  ^ldiii  Xo«7j. 

Weinberg,  Herbert  James,  Fembrae,  Dundee         April  1891 

Westmacott,  Alfred,  Ben  well  Hill,  Newcastle-on-Tyne     Dec.  1886 

Wheeler,  O.,  c/o  Messrs.  Wigham  Richardson  &  Co.,  Neptune  Works, 

Walker-on-Tyne Oct,   1886 

White,  Ernest  T.,  5,  Catherine  Terrace,  Gateshead-on-Tyne         May  1889 

Wilkinson,  Thomas,  14,  West  View  Terrace,  Lemington-on-Tyne  ...  Mar.  1890 

Withy,  Frederick,  44,  Milbum  Terrace,  Sunderland  Nov.  1890 

Wortley,  H.,  c/o  Messrs.  Schlesinger,  Davis,  &  Co.,  Wallsend-on-Tyne  ...  Jan.  1886 

Y. 

YouU,  James  A.,  11,  Sydenham  Terrace,  Newcastle-on-Tyne        Nov.  1890 


tHt 


MEMOIRS. 


THE  LATE  MR.  W.  H.  BITTLESTON. 

Mr.  "W.  H.  Bittleston  was  the  son  of  the  Rev.  E.  Bittleston  of  South 
Stainley,  near  Ripon,  and  was  educated  at  Bradfield  College,  near  Read- 
ing. He  was  afterwards  apprenticed  to  Messrs.  Charles  Mitchell  &  Co., 
sMpbuilders,  Low  Walker-on-Tyne,  with  whom  he  remained  for  a 
number  of  years.  After  leaving  Walker  he  was  appointed  assistant 
manager  of  the  shipbuilding  department  of  the  Wallsend  Shpway 
Co.,  subsequently  leaving  them  for  an  appointment  with  Mr.  Alex- 
ander Taylor,  consulting  engineer,  Newcastle-upon-Tyne.  About 
the  year  1883  he  left  Mr.  Taylor  for  an  appointment  with  the 
General  Steam  Navigation  Co.  of  London,  with  whom  he  remained  till 
the  autumn  of  1889,  when  he  decided  to  start  business  on  his  own 
account  as  consulting  naval  architect  in  the  City  of  London ;  and  the 
compUment  was  paid  him  by  his  late  employers,  the  General  Steam 
Navigation  Co.,  of  still  retaining  his  services  for  certain  classes  of  work. 
His  untimely  death  in  February,  1891,  brought  a  most  promising  career 
to  a  close.    He  joined  the  Institution  in  the  year  1885. 


THE  LATE  MR.  RICHARD  JOHN  NAPIER. 

Mr.  Richard  John  Napier  served  his  apprenticeship  with  the  firm  of 
I.  James  Bertram  &  Sons,  engineers,  Leith  Walk  Foundry,  Leith. 
Subsequently  he  was  engaged  as  a  sea-going  engineer,  latterly  filling  the 
position  of  chief  engineer,  and  passed  with  distinction  the  Board  of  Trade 
examination  for  "  extra  chief,"  being  the  highest  honour  granted  by  the 
fioard  to  marine  engineers.  During  his  apprenticeship  he  was  a  student 
of  the  Leith  Science  School,  where  he  carried  off  a  number  of  prizes  and 
honours.  He  afterwards  occupied  for  some  time  the  post  of  principal 
assistant  in  Lockie's  Engineering  Academy,  Leith,  and  about  the  begin- 
ning of  the  year  1887  he  left  that  situation  to  become  engineering 
surveyor  to  Lloyd's  Register  at  Newcastle-upon-Tyne.  He  met  his 
death  while  in  the  discharge  of  his  duty  in  making  a  survey  for  the  load- 
line  of  the  S.S.  "  Caradoc,"  lying  in  Howdon  Dock,  on  the  River  Tyne, 
by  accidentally  falling  into  the  hold  of  that  vessel  on  the  6th  of  February, 
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1891.  The  sad  and  early  death  (he  was  32  years  of  age)  of  one  who 
showed  sach  high  attainments,  and  seemed  destined  to  fill  a  conspicnons 
position  in  the  engineering  profession,  is  much  to  be  regretted.  He 
joined  the  Institution  in  the  year  1888. 


THE  LATE  MR.  THOMAS  RICHARDSONT,  M.P. 

Mr.  Thomas  Richardson,  M.P.,  was  born  on  the  6th  of  June,  1821. 
He  was  the  eldest  son  of  Mr.  Thomas  Richardson  of  Castle  Eden.  His 
father,  who  had  been  a  wood  contractor  under  the  Earl  of  Durham, 
commenced  business  later  as  a  timber  merchant  in  Hartlepool,  and,  in 
conjunction  with  Mr.  J.  Parkin,  began  shipbuilding  also  at  Hartlepool. 
In  1838,  he  also  started  an  engineering  establishment  at  Castle  Eden, 
which  was  in  the  year  1847  transferred  to  Middleton,  Hartlepool.  It 
was  in  these  works  at  Castle  Eden  that  Mr.  Thomas  Richardson  served 
his  apprenticeship ;  and  on  the  death  of  his  father,  in  1850,  he  succeeded 
him  as  sole  proprietor  of  the  engine  works  at  Hartlepool.  At  first 
these  works  were  solely  engaged  in  the  manufacture  of  locomotive  engines, 
but  about  thirty  years  ago  they  were  converted  into  marine  engine 
works,  and  under  the  proprietorship  of  the  late  gentleman  have  been  so 
enlarged  and  modernised  that  they  are  now  in  a  position  to  turn  out 
from  "thirty  to  forty  sets  of  marine  engines  and  boilers  in  a  year.  The 
deceased  gentleman,  who  unsuccessfully  contested  in  1868,  was  elected 
the  Parliamentary  representative  of  the  Hartlepools  in  1874,  and  again 
in  1880, 1885, 1886.  Ho  died  suddenly  at  his  residence,  Kirklevington, 
near  Yarm,  on  the  morning  of  December  29th,  1890.  He  became  a 
member  of  the  Institution  in  the  year  1888. 


During  the  year  the  following  gentlemen  have  also  been  removed  by 
death : — Mr.  J.  J.  Pike,  engineer ;  Mr.  John  Patterson  (Associate),  for 
many  years  chief  clerk  in  the  counting  house  of  the  shipbuilding  yard 
of  Messrs.  Wigham  Richardson  &  Co.,  Neptune  "Works,  Walker-on- 
Tyne ;  Mr.  D.  W.  Hey  (Associate),  iron  merchant,  Sunderland. 
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TIB  NOfiTH-EAST  COAST  INSTITUTION 

ov 

ENGINEERS  AND  SHIPBUILDERS. 


(Tonatitution  an!>  K!;e<la\v>8, 

Adopted  at  a  Gbmbsal  Mbbtino  on  thb  4th  Mabcit,  1885. 

RlYIUD  AT  THB  ClOSIHa   BUSINBSS  MbBTINO  HBLD  ON  MaY  4tH,  1887. 
Rl-HlYISBD    AT    THB    CLOBINa    BuSINBSS    MbETINQS    HBLD    ON 

May  9th,  1888,  May  13th,  1889,  and  May  11th,  1891. 


CONSTITUTION. 

L— The  Name  of  the  Association  is  "The  Nurth-East  Coast    Name. 
InatitQtion  of  Engineers  and  Shipbuilder.*' 

n. — ^The  Objeots  for  which  the  Institution  is  established  oujecu 
are  ^-The  advancement  of  the  science  and  practice  of  Engineer- 
ing and  Shipbuilding,  and  the  interchange  of  ideas  and  informa- 
tion amongst  its  members,  by  means  of  meetings  for  the  reading 
>nd  discussion  of  papers  relating  thereto,  and  placing  on  record 
itfl  transactions. 

III. — ^The  Institution  shall  consist  of  Honorary  Members, 
Uembers,  Associates,  and  Graduates. 

IV. — Honorary    Members   shall  be  such    distinguished    M^mbS? 
persons  as  the  Council  may  elect. 

T. — ^Members  shall  be  Principals  or  Principal  Manaj^ers  Mcmbera. 
engaged  in  Engineering  or  Shipbuilding;  Civil,  Military,  or 
Mining  Elngineers,  or  Naval  Architects;  whose  subscription 
shall  be  Two  Guineas  per  annam  :  and  other  persons  enga<,^ed  in 
the  above  professions ;  whose  subscription  shall  be  One  Guinea 
per  annum. 

VI. — Associates  shall  be  such  persons  as  are  not  strictly    Aasociatca 
Engineers  or  Shipbuilders,  but  are  connected  with  or  interested 
in  goch  pursuits,  and  are  deemed  by  the  Council  to  be  eligible 
for  Associate  membership.     Their  subscription  shall  be  One 
Omnea  per  annum. 
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VII. — Graduates  may  be  persons  under  twenty-four  years 
of  age,  engaged  in  study  or  employment  to  qualify  themselves 
for  any  of  the  above  professions.  Their  subscription  shall  be 
Half-a-Guinea  per  annum. 

VIII. — Any  Member  may  become  a  Life  Member  by  a 
single  payment  of  Twenty  Guineas,  or  any  AssogiATB  may 
become  a  Life  Associate  by  a  single  payment  of  Ten 
Guineas. 

IX. — The  Officers  of  the  Institution  shall  be  elected  from 
and  by  the  Members,  and  shall  consist  of  one  President,  the 
Past- Presidents,  nine  Vice-Presidents,  fifteen  Councilmen,  and 
an  Honorary  Treasurer. 

X. — The  President  and  Honoi-ary  Treasurer  shall  be  elected 
annually.  Three  Vice-Presidents  and  five  Councilmen  shall  be 
elected  annually.  The  retiring  Vice-Presidents  and  Councilmen 
shall  be  those  who  have  served  three  years  from  their  last 
election. 

The  President  shall  be  eligible  for  re-election  for  a  second 

year ;  should  he  be  re-elected  he  shall  retire  at  the  conclusion  of 

his  second  year  of  oflicc,  and  shall  not  again  be  eligible  until 

after  nn  interval  of  one  year. 

The  retirin.i^  Vice-Presidents  shall  be  eligible  for  re-election. 

The  retiring  Councilmen  shall  not  be  eligible  for  re-election  to 

the  same  office  until  after  an  interval  of  one  year,  but  shall  be 

eligible  for  election  to  any  other  office. 

'1  iie  Ilunorary  Treasurer  shall  be  eligible  for  re-election 
annually,  or  for  election  to  any  other  office. 

XI. — Honorary  Members  ma'y  attend  all  the  General  Meet- 
ings, they  may  read  papers,  take  part  in  discussions,  in  voting, 
in  moving  and  supporting  resolutions,  in  presentation  of  notices 
of  motion,  or  in  requisitions  for  Special  Meetings,  and  in  the 
proposition  of  new  members ;  they  shall  also  receive  copies  of 
the  Transactions. 

XII. — Members  shall  have  all  the  privileges  of  the  Institu- 
tion as  enumerated  in  the  foregoing  paragraph,  and  shall  be 
eligible  for  office. 

XIII. — Associates  shall  have  all  the  privileges  enumerated  in 
paragraph  XL     They  shall  be  eligible  for  office  as  Oouncilmeiu 
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XIV. — Graduates  may  attend  all  the  General  Meetings,  they   ^Sg^SS^ 
may  read  papers,  take  part  in  discossions,  and  support  resolu- 
tions; they  shall  also  recdve  copies  of  the  Transactions,  but 
shall  not  sign  proposals  for  new  members^  vote,  nor  be  eligible 
for  office. 

XV.— The  General  Meetings  of  the  Institution  shall  be  held 
daring  the  winter  seasons  of  each  year. 

NoTB. — When  the  word  Member  is  initialled  with  a  capital  letter  it 
rignities  a  member  under  paragraphs  IV.  and  V.,  but  when  initialled  with  a 
small  letter,  it  signifies  u  member  of  any  diss  of  the  Institution  membership. 

BYE-LAWS. 

Eemted  at  the  Clo»inff  ByjtineM  Meetiwin  held  on  May  \tK  1887, 
May  13M,  1889,  and  May  Wth,  1891. 


Candidates  for 
AdmlsBion. 


MEMBERSHIP. 

1. — Every  candidate  for  admission  as  a  Member,  Associate, 
or  Graduate  shall  be  proposed  and  recommended  according  to 
the  form  A  in  the  Appendix,  in  which  form  the  name,  usual 
residence  or  the  place  of  business,  the  qualification  for,  and  pro- 
posed class  of  membership  of  the  candidate  shall  be  distinctly 
specified.  Proposals  for  Graduates  must  give  the  date  of,  and 
age,  last  birthday. 

The  form  shall  be  signed  by  a  Member  or  Associate  of  the 
Institution,  as  proposer,  and  by  at  least  other  three  Members  or 
Associates  as  supporters,  certifying  a  personal  knowledge  of  the 
candidate. 

The  proposal  so  made  shall  be  submitted  to  the  Council, 
^hen,  if  it  be  approved,  the  Chairman  shall  sign  the  approba- 
tion, which  shall  be  inserted  in  the  notice  calling  the  next 
General  Meeting,  when  the  candidate  shall  be  balloted  for,  and 
Bhail  be  accepted  if  three- fourths  of  the  votes  are  favourable. 

2.— Graduates  desirous  of  becoming  Members  shall  be  pro- 
posed and  recommended  according  to  the  Form  B  in  the 
Appendix. 

The  proposal  so  made  shall  be  submitted  to  the  Council,  who 
shall  agree  to  or  reject  it. 

8.— The  ballotins:  for  membership  shall  be  conducted  in  the    balloting  for 

o  I  ^  Members. 

following  manner: — Each  member  shall  be  supplied  by  post  with 
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a  list  of  the  names  of  the  candidates,  according  to  the  Form  0 
in  the  Appendix^  and  shall  strike  out  the  names  of  snch  can- 
didates as  he  desires  shall  not  he  elected.  These  lists  may  be 
returned  to  the  Secretary  by  post,  or  may  be  deposited  in  the 
ballot-box  by  the  voter  in  person  on  entering  a  meeting  at  which 
an  election  is  to  take  place.  The  ballot-box  will  be  closed  at 
ten  minutes  after  the  advertised  time  of  meeting.  The  lists 
shall  then  be  handed  over  to  the  Chairman^  who  shall  a])point 
two  Scrutineers  to  examine  them,  after  which  examination  the 
Chairman  shall  inform  the  meeting  of  the  result. 

4. — Notice  of  Election  as  a  member  shall  be  sent  to  the  can- 
didate within  one  week  after  his  election,  according  to  the  Form 
D  in  the  Appendix  ;  but  his  name  shall  not  be  added  to  the  list 
of  Members,  Associates,  or  Graduates  of  the  Institution,  until 
he  shall  have  paid  his  first  annual  subscription. 

5. — In  case  of  rejection  of  the  candidate,  no  mention  thereof 
shall  be  made  in  the  minutes,  nor  shall  any  notice  be  given  to 
the  unsuccessful  candidate. 

6. — All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  of  June  each  year.  Any  Member, 
Associate,  or  Graduate,  wishing  to  retire  from  the  Institution 
shall  continue  to  be  liable  for  his  annual  subscription  until  he 
shall  have  given  formal  notice  of  his  retirement  to  the  Secretary, 
which  notice  must  be  given  on  or  before  the  31st  of  August  in 
each  year.  Application  for  membepship  may  be  made  at  any 
time  during  a  Session,  and  the  subscription  shall  cover  the 
membership  up  to  the  1st  of  June  following. 

7. — On  payment  of  each  subscription  the  Secretary  shall 
forward  to  the  member  an  official  receipt. 

8. — On  question  of  privilege. — Any  person  who  may  be  un- 
known in  the  meeting  shall  only  be  able  to  claim  the  privilege 
in  question  on  proving  his  membership  for  the  current 
Session. 

9. — Any  member  whose  subscription  is  one  year  in  arrear 
shall  be  reported  to  the  Council,  who  shall  direct  application  to 
be  made  for  it,  according  to  Form  E  in  the  Appendix ;  and  in 
the  event  of  its  continuing  in  arrear  until  the  end  of  that 
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Session  alter  such  application,  the  Conncil  shall  have  the  power, 
after  remonstrance  by  letter,  according  to  the  Form  F  in  the 
Appendix,  of  declaring  that  the  de&nlter  has  ceased  to  be  a 
member. 

10. — The  Conncil  may  refdse  to  continue  to  receive  the  sub- 
Bcriptions  of  any  member  who  shall  have  wittingly  acted  in 
oontravention  of  the  Begnlations  of  the  Institution,  or  who  shall, 
in  the  opinion  of  the  Council,  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  his  membership ; 
and  the  Council  may  remove  his  name  from  the  list  of  members : 
and  such  person  shall  thereupon  cease  to  be  a  member  of  the 
Institution.    Notice  of  such  action  of  the  Council  shall  be  for- 
warded to  the  person  in  question,  in  accordance  with  the  Form 
G  in  the  Appendix.    The  reason  for  such  action  of  the  Council 
shall  not  be  stated  to  the  person  expelled,  without  the  sanction 
of  the  Conndl. 
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OFFICERS. 

11.— The  Annual  Election  of  Officers  shall  be  conducted  in  JigJillS**^ 
the  following  manner : — The  Council  shall  meet  in  March  or 
April,  and  shall  arrange  a  list  of  nominations,  in  accordance 
with  the  Form  H  in  the  Appendix.  Such  list  shall  be  preseutci 
*fc  the  (General  Meeting  immediately  preceding  the  last  General 
Meeting  of  the  Session,  and  any  Member  present  shall  be  at 
liberty  to  nominate  additional  Members.  The  list  shall  show 
who  remain  in  office  throughout  the  Council,  and  who  are 
retiring.  It  shall  nominate  new  names  in  the  place  of  the 
retiring  Members,  and  the  number  of  nominations  shall  be,  at 
^,  two  in  excess  of  the  number  required  in  each  section  of  the 
Council.  A  copy  of  this  ballot  list  shall  be  forwarded  to  each 
Member  and  Associate,  together  with  a  complete  list  of  Mem- 
ferg,  to  be  filled  in,  in  accordance  with  the  instructions  printed 
in  the  ballot  form,  and  to  be  returned  to  the  Secretary,  to  be 
opened  in  the  presence  of  the  Council,  at  a  Council  Meetini: 
which  shall  be  held  in  April  or  May,  when  the  scrutiny  and 
onmting  shall  be  carried  out  by  the  Council.  Any  Member  in 
^^iting  shall  be  at  liberty  to  erase  any  name  or  names  from  the 
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list  and  substitute  the  names  of  any  ofcher  person  or  persons 
eligible  for  each  respective  office  other  than  those  abeady  placed 
on  the  ballot  list  by  the  Oouncil  and  Members  of  the  Institution. 
Any  voting  paper  returning  either  more  or  less  than  one 
President,  six  Vice-Presidents,  one  Honorary  Treasurer,  and 
titteen  Councilmen,  shall  be  disqualified  for  the  section  or  sections 
in  which  such  errors  occur,  and  the  votes  shall  be  lost  for  the 
said  section  or  sections.  The  votes  given  as  President,  to  a 
Member  who  is  not  elected  President,  shall  count  to  him  as  a 
Vice-President ;  the  votes  given  as  Vice-President,  or  Treasurer, 
to  persons  not  so  elected,  shall  count  to  them  as  Councilmen, 
unless  they  have  just  completed  a  term  of  office  in  such  capacity. 
The  voting  list  shall  not  be  sent  to  any  Member  and 
Associate  whose  subscriptions  are  more  than  one  year  in  arrear ; 
nor  shall  any  Member  be  nominated  on  the  list.  For  this 
purpose,  the  Secretary  shall  prepare,  previously  to  the  meeting 
of  Council,  a  list  of  those  Members  whose  subscriptions  are  more 
than  one  year  in  arrears. 

12. — ^The  result  of  the  ballot  for  Officers  shall  be  declared  at 
the  General  Meeting,  to  be  held  in  May,  at  which  meeting 
general  business  shall  be  transacted.  At  the  May  General 
Meeting  the  newly-elected  Officers,  after  being  declared,  shall 
enter  into  office ;  and  this  shall  be  the  last  meeting  of  the  Session. 
18. — ^The  Council  shall  have  power  to  supply  any  casual 
vacancy  within  itself  (including  any  casual  vacancy  in  the  office 
of  President),  which  shall  occur  between  one  May  Meeting  and 
another ;  and  the  Officers  so  appointed  shall  retire  when  the 
person  whose  place  they  fill  would  have  retired.  Vacancies  not 
filled  up  during  the  year  shall  be  filled  at  the  General  Election. 
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14. — ^The  Annual  General  Meeting  shall  take  place  in  October, 
and  shall  be  held  in  Newcastle.  The  Ordinary  Meetings  shall 
take  phvce  in  the  second  week  in  each  following  mouth  during 
the  Session,  unless  otherwise  arranj^ed  by  the  Council,  and  at 
3Uch  lioui^s  and  f  laccr,  as  the  Council  may  determine. 
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15. — Seven  clear  days*  notice  of  every  General  Meeting,  Ordi- 
nary or  Special,  specifying  the  nature  of  business  to  be  tran- 
sacted, shall  be  given  to  every  member  of  the  Institution. 

16, — A  Special  General  Meeting  may  be  convened  at  any 

time  by  the  Council,  and  such  meeting  shall  be  convened  by  the 

Council  whenever  such  is  the  declared  wish  of  a  General  Meeting, 

or  whenever  a  written  requisition,  signed  by  twenty  members, 

specifying  the  object  of  the  meeting,  is  left  with  the  Secretary. 

If,  for  fourteen  days  after  the  deh'very  of  such  requisition,  a 

meeting  be  not  convened  in  accordance  therewith,  the  requi^^i- 

'  tionists,  or  any  twenty  members  of  the  Institution,  may  couveue 

a  Special  Meeting   in  accordance  with   the   requisition.     The 

business  discussed  at  such  Special  Meetings  shall  only  be  that 

indicated  on  the  notice  calling  the  meeting. 

17. — Twenty  Members  shall  constitute  a  quorum  for  the  pur- 
pose of  a  meeting  other  than  a  Special  Meeting.  Thirty  Members 
U  constitute  a  quorum  for  the  purpose  of  a  Special  meeting. 

18. — The  President  shall  be  chairman  at  every  meeting,  and 
in  big  absence,  one  of  the  Past- Presidents  or  one  of  the  Vice- 
Presidents  ;  or  in  the  absence  of  these,  a  Councilraau  shall  take 
tbe  chair  ;  or  if  no  Councilman  be  present  and  willing  to  take 
tbe  chair,  the  meetins:  sliall  elect  a  Chairman. 

19. — The  decision  of  a  General  Meeting  shall  be  ascertained 
by  a  show  of  hands  ;  or,  when  five  Members  or  Associates  shall 
demand,  or  the  Chairman  may  think  it  desirable,  the  decision 
«hall  be  taken  by  ballot.  The  manner  of  counting  the  votes 
sball  be  at  the  discretion  of  the  Chairman,  and  an  entry  in  the 
minutes,  signed  by  the  Chairman,  shall  be  deemed  sufficient 
evidence  of  the  decision  of  a  General  Meeting.  In  cases  of 
equality  of  votes,  the  Chairman  shall  have  a  casting  vote ;  other- 
wise be  shall  not  vote. 

20.— Questions  of  a  jxjrsbnal  nature  arising  in  a  General 
Meeting,  shall,  if  poj^sible,  be  referred  to  the  Council,  otherwise 
tbe  decision  of  the  meeting  shall  \ye  taken  by  ballot  on  a  motion 
or  amendment  put  to  the  meeting.  The  ballot  shall  be  taken  by 
tbe  voters  (being  Members  or  Associates)  writing  "for"  and 
"against"  on  a  slip  of  paper.     The  slips  shall  be  folded  and 
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collected,  and  then  counted  in  the  presence  of  the  meeting,  and 
the  result  announced  by  the  Chairman.  Should  fewer  than 
twenty  votes  be  given,  it  shall  be  understood  that  the  question 
is  shelved,  and  the  votes  shall  be  destroyed  without  being 
opened. 

21. — At  every  General  Meeting  of  the  Institution,  the  Secre- 
tary shall  first  read  the  minutes  of  the  preceding  meeting,  which, 
on  approval,  shall  be  signed  by  the  Chairman  ;  business  arising 
out  of  these  minutes  shall  then  be  transacted.  The  Secretary 
shall  read  any  notices  which  may  have  to  be  brought  before  the 
meeting.  Notices  of  motion  may  then  be  given,  and  other 
business  of  the  Institution  may  be  attended  to :  but  when  a 
paper  is  to  be  read,  the  foregoing  business  shall  not  be  extended 
beyond  half-an-l]our  after  the  advertised  time  for  commencing 
the  meeting.  The  paper  or  papers  for  the  evening  shall  then 
be  read  and  discnssed. 

22. — If  within  half-an-hour  after  the  time  fixed  for  holding 
a  General  Meeting  a  quorum  is  not  present,  the  meeting  shall  be 
dissolved,  and  all  matters  which  might,  if  a  quorum  had  been 
present,  have  been  done  at  the  meeting  so  dissolved,  may  forth- 
with be  done  on  behalf  of  the  meeting,  by  the  Council ;  except 
the  reading  or  discussion  of  a  paper,  which  shall  not  proceed  in. 
the  absence  of  a  quorum, 

23. — Any  General  Meeting  of  the  Institution  may  be  ad- 
journed by  a  vote  of  the  Members  and  Associates  present  if 
there  be  a  quorum  ;  if  there  be  not  a  quorum,  the  case  shall  bo 
met  by  the  preceding  paragraph. 

24. — Each  member  shall  have  the  privilege  of  introducing 
one  friend  to  the  General  Meetings,  whose  name  must  be  written 
in  the  Visitors'  Book,  together  with  that  of  the  member  intro- 
ducing him  ;  but  if  the  introducing  member  be  unable  to  attend 
the  nieetiug,  he  may  send  the  name  of  the  visitor  to  the  Secre- 
tary. During  such  portions  of  any  of  these  meetings  as  may  be 
devoted  to  any  business  connected  with  the  management  of  the 
Institution,  visitors  may  be  requested  by  the  CLMrman  to  with- 
di'aw.  This  shall  be  done  if  five  Members  or  Associates,  or  both, 
present  request  it. 
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25. — ^The  Council  shall  meet  before  each  General  Meeting,  or 
on  other  occasions  when  the  President  shall  deem  it  necessary  ; 
being  summoned  in  either  case  by  circular,  stating  the  time  of 
meeting,  and  the  business,  so  far  as  is  known. 

No  business  involving  expenditure  of  the  funds  of  the  Insti- 
tution (except  by  way  of  pajrment  of  current  accounts)  shall  be 
transacted  at  any  Council  Meeting,  unless  the  circular  gives  six 
clear  days'  notice,  and  states  the  business. 

All  discussions  of  a  personal  character  in  the  Council  shall 
be  considered  and  treated  as  being  strictly  confidential. 

26. — The  Council  may  regulate  its  own  procedure,  and  dele- 
gate any  of  its  powers  and  discretions  to  any  one  or  more  of  its 
number. 

The  President  shall,  e^-officio,  be  chairman  of  all  Council 
Meetings,  and  in  his  absence  one  of  the  Past-Presidents  or  one 
of  the  Vice-Presidents  shall  take  the  chair  ;  or  in  the  abpence  of 
these,  one  of  the  Conncilmen  shall  be  elected  to  take  the  chair. 
Five  members  of  Council,  including  the  Chairman,  shall  form  a 
quorum. 

In  the  appointment  of  Sob-Committees,  the  Council  shall 
determine  the  number  which  shall  form  a  quorum  in  each  case, 
and  shall  appoint  a  Chairman.  These  regulations  shall  not 
affect  the  Finance  Committee. 

27. — The  Council  may  appoint  Committees  either  from  itself, 
or  with  the  assistance  of  persons  outside,  for  the  purpose  of 
transacting  any  special  business,  or  of  investigating  specific 
objects  connected  with  the  work  and  interests  of  the  Institution. 

28. — Ail  Committees  or  Sub-Committees  shall  be  appointed 
by  the  Council,  and  shall  be  subject  to  that  body,  and  shall 
report  to  it.  The  Council  shall  act  upon  these  reports  or  recom- 
mendations as  it  may  think  best. 

29. — The  Council  may  invite  to  General  Meetings  or  to 
Council  Meetings  any  person  or  persons  whose  presence  and 
assistance  it  may  desire,  and  strangers  so  invited  shall  be  per- 
mitted to  take  part  in  the  proceedings,  but  not  to  vote. 
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30. — The  Secretary,  who  shall  also  act  as  Treasurer,  shall  be 
appointed  by  and  act  under  the  direction  and  control  of  the 
Council,  and  shall  be  paid  such  salary  as  the  Council  shall 
detonnine.  lie  shall  attend  all  meetings,  Council  and  General, 
and  shall  take  minutes  of  the  proceedings,  and  enter  them  in 
proper  books  provided  for  the  pui^pose.  He  shall  write  the 
correspondence  of  the  Institution  and  Council,  read  minutes  and 
notices  at  meetings,  report  discussions,  and,  if  required  by  the 
Council,  prepai-e  papers  for  reading  and  publication,  and  read 
papers  and  communications  at  the  meetings.  He  shall  receive 
all  payments  due  to  the  Institution,  and  shall  bank  the  cash  in 
hand  whenever  it  amounts  to  ten  pounds.  The  bank  shall  be 
determined  by  the  Council  and  the  banking  account  shall  be  in 
the  names  indicated  in  connection  with  the  Finance  Committee. 
He  shall  keep  a  cash  account  book,  general  and  detail,  which 
shall  on  all  occasions  be  open  to  inspection  by  the  Finance 
Committee  or  by  the  Council.  He  shall  keep  a  register  of  the 
names  of  members,  so  arranged  as  to  distinguish  all  members 
whose  subscriptions  are  in  arrear.  He  shall  also  perform  what- 
ever other  duties  are  indicated  in  the  Bye-Laws  of  the  Institu- 
tion as  appertaining  to  his  department ;  and  shall  remain  in 
office  during  the  pleasure  of  the  Council.  He  shall  not  vote  on 
any  resolution. 

31. — The  following  Sub-Committees    shall    be    appointed 

annually  at  the  first  meeting  of  the  Council  in  each  session : — 
(1)  A  Finance  Committee,  to  consist  of  seven  persons,  viz.:  one 
Past-President  or  Vice-President,  who  shall  be  Chairman ;  five 
Councilmen,  and  the  Honorary  Treasurer  of  the  Institution; 
three  of  whom  shall  form  a  quorum.  The  Treasurer  shall  be 
empowered  to  pay  all  amounts  due  from  the  Institution  which 
are  under  two  pounds.  All  amounts  of  two  pounds  and  upwards 
shall.be  paid  by  cheque,  signed  by  the  Chairman  of  the  Finance 
Committee  (or  in  his  absence,  by  the  President  or  a  Past- 
President),  the  Secretary  and  the  Honorary  Treasurer.  (2)  A 
Keading  Committee,  to  consist  of  six  members  of  Council.  No 
member  who  has  served  on  this  Committee  for  three  years  in 
succession  shall  be  eligible  for  re-election  until  after  an  interval 
of  one  year.  (3)  A  Library  Committee,  in  accordanoe  with 
Library  Bye-Laws,  Nos.  1  and  3. 
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82. — ^AU  papers  shall  be  forwarded  to  the  Secretary  at  least 
five  clear  weeks  before  the  proposed  date  of  reading.  The 
Secretary  shall  submit  them  for  approval  to  the  Council,  and  on 
their  general  approval  they  shall  be  handed  to  the  Reading  Sub- 
committee, three  of  whom  at  least,  shall  read  the  paper  through. 
The  Reading  Committee  shall  be  at  liberty  to  strike  out  any 
parts  which,  in  their  opinion,  ought  not  to  be  read.  They  may 
also  make  any  suggestions  to  the  author  as  to  points  which 
might  with  advantage  be  inserted  or  altered. 

33. — The  papers  read,  and  the  discussions  on  them,  or  such 
portions  of  them  as  the  Council  shall  select,  shall  be  printed  for 
distribution  among  the  members,  each  of  whom  shall  receive  a 
copy.  These  Transactions  shall  be  edited  by  the  Secretary,  in 
accordance  with  instructions  of  the  Council,  who  shall  have 
power  to  omit  parts  of  discussion  which  may  be  foreign  to  the 
subject,  or  which  it  may  be  deemed  undesirable  to  retain.  Each 
paper  shall  bear  the  date  on  which  it  was  read  in  General  Meeting. 

34. — Copies  of  papers  to  be  read  during  any  session  will  be 
sent  seven  days  before  the  date  of  reading  to  members  who  shall 
have  applied  to  the  Secretary  for  them,  in  writing,  at  the  com- 
mencement of  the  session.  The  discussion  on  a  paper  shall  not 
be  considered  closed  on  the  evening  on  which  it  is  read,  but 
shall  be  open  for  renewal  at  a  subsequent  meeting,  prior  to  the 
reading  of  the  paper  set  down  for  that  date. 

35. — The  Secretary  shall  send  to  each  speaker  as  soon  as 
possible  after  a  General  Meeting  a  copy  in  manuscript  of  the 
speaker's  own  remarks  for  correction.  This  copy  must  be  re- 
tamed  to  the  Secretary  within  four  days.  A  printed  proof  will 
also  be  sent  to  each  speaker  for  further  revision ;  this  must  be  re- 
turned to  the  Secretary  within  three  days,  otherwise  it  will  be 
deemed  correct,  and  printed  off  after  receiving  verbal  corrections. 

36, — The  Council  shall  be  at  liberty  to  print  as  Transactions, 
either  with  the  papers  and  discussions  or  separately,  explanatory 
notes,  etc.,  communicated  after  the  reading  or  discussing  of  a 
paper.  Such  communications  must  be  approved  by  the  Reading 
Committee,  and  shall  bear  the  date  on  which  they  shall  have 
been  received  by  the  Secretary. 

37. — The  Institution  shall  not  be  held  responsible  for  the 
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statements  and  opinions  advanced  in  any  of  the  papers  which 
may  be  read,  or  in  the  discussions  which  may  take  place  at  the 
Meetings  of  the  Institution. 

38. — Twenty  copies  of  each  paper  and  discussion  shall  be 
presented  to  the  author  of  the  paper,  for  private  use,  and  one 
copy  shall  be  sent  to  each  member.  When  a  paper  is  prepared 
by  two  authors,  fifteen  copies  shall  be  presented  to  each.  Dupli- 
cate copies  of  parts  of  the  Transactions  mislaid  or  lost  by 
membera  cannot  be  supplied  to  them,  except  as  provided  for  in 
Bye- Law  4 1 . 

89. — ^The  Transactions  shall  not  be  supplied  free  to  members 
whose  subscriptions  are  more  than  one  year  in  arrear. 

40. — ^Any  member  elected  at  any  time  between  the  Annual 
General  Meetings  shall  be  entitled  to  copies  of  all  the  Transactions 
issued  during  the  session  to  which  his  first  subscription  applies ; 
but  not  until  the  subscription  has  been  paid. 

41.— The  Transactions  of  the  Institution  shall  be  the  exclu- 
sive property  of  the  Institution,  and  shall  be  published  only  by 
the  authority  of  the  Council.  Additional  copies  of  papers 
required  by  authors  for  their  private  use  can  only  be  procured 
from  the  Secretary,  at  prices  fixed  by  the  Council  from  time  to 
time,  and  these  copies  must  contain  the  whole  of  the  discussion 
following  the  papers,  and  be  bound  in  the  usual  cover,  with  the 
addition  of  the  following  words : — "  By  permission  of  the 
Council,"  and  "  Excerpt  Minutes  of  Proceedings.''  Duplicate 
volumes  and  copies  of  parts  of  the  Transactions,  if  in  print,  can 
also  be  obtained  from  the  Secretary,  and  shall  be  sold  only  by 
him,  in  such  manner  and  at  such  prices  as  the  Council  shall 
have  fixed. 

42.— During  a  discussion  upon  any  paper,  no  person  shall  be 
at  liberty  to  speak  more  than  once  (except  by  way  of  explana- 
tion), nor  for  a  longer  period  than  ten  minutes. 
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Accounts. 


43. — The  Council  shall  present  the  yearly  accounts  (up  to 
the  81st  of  May  preceding)  at  the  October  General  Meeting  of 
each  year,  after  they  have  been  audited  by  a  professional 
Accountant,  appointed  by  the  members  at  the  General  Meeting 
in  May. 
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44. — The  capital,  stock,  and  funds  of  this  Institution  shall  Truatees. 
be  vest<id  in  the  names  of  three  Trustees,  to  be  elected  from  time 
to  time  as  vacancies  occur  by  the  members  of  the  Institution  at 
a  General  Meeting  called  for  that  purpose.  All  mortgages  and 
other  secnrities  shall  be  taken  in  the  names  of  such  Trustees ; 
and  on  any  new  appointment  the  funds  shall  vest  in  the  newly- 
appointed  Trustee  or  Trustees  jointly  with  the  continuing  or 
remaining  Trustee  or  Trustees. 

ALTEEATIONS  TO  CONSTITUTION  AND  BYE-LAWS. 

45. — Alteration  in  or  addition  to  the  Constitution  and  Bye- 
Laws  may  be  made  only  by  resolution  of  the  members  at  the 
May  General  Meeting,  after  notice  of  the  proposed  alteration  or 
addition  has  been  announced  at  the  previous  General  Meeting. 

The  resolution  may  be  modified  by  the  Council  meanwhile, 
should  they  so  desire ;  but  in  this  case  it  shall  be  read  at  the 
May  General  Meeting  in  its  original  form  before  it  is  proposed 
in  the  amended  form. 

Such  resolntions  shall  be  stated  in  the  notice  calling  the 
intervening  Council  Meeting,  and  also  in  the  notice  calling  the 
May  General  Meeting. 

Any  member  unable  to  be  present  at  the  meeting  at  which  votc  by  Proxy, 
such  alterations  are  to  be  considered,  but  who  is  nevertheless 
desirous  of  recording  his  opinion  thereon,  shall  be  allowed  to 
vote  by  proxy,  such  proxies  shall  be  in  Form  J  in  the  Appendix, 
which  may  be  had  on  application  to  the  Sccretaiy,  and  m;}y  be 
used  by  any  member  present  at  the  meeting  on  behalf  of  the 
absent  member,  and  counted  by  the  Chairman  as  of  equal  value 
with  votes  given  in  the  manner  provided  in  Bye-Law  19. 


THE  LIBRARY  AND  READING  ROOM  BYE-LAWa. 

1. — The  Library  and  Reading  Room  shall  be  niiinaged  by  a    conmiittec. 
Committee,  called  the  Library  Committee,  who  shall  have  charge 
of  all  books,  papers,  specimens,  etc.,  which  may  belong  to  the 
Institution.     It  shall  consist  of  five  members  of  the  Institution, 
of  whom  at  least  two  shall  be  members  of  Council. 
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2. — The  books  and  other  property  of  the  Library  shall  be 
vested  in  the  Trustees  appointed  by  the  Institution. 

3. — The  Library  Committee  shall  be  appointed  annually,  at 
the  first  meeting  of  the  Council  in  each  session.  No  member 
who  has  served  on  the  Committee  for  three  years  in  succession 
shall  be  eligible  for  re-election  until  after  an  interval  of  one  year. 
The  Chairman  shall  be  elected  by  the  Council. 

4. — The  Secretary  of  the  Institution  shall  be  Librarian,  and 
shall  also  act  as  Secretary  to  the  Library  Committee.  Three 
members  of  the  Committee  shall  form  a  quorum. 

5. — The  Library  Committee  shall  be  responsible  for  the 
binding  and  purchasing  of  books,  periodicals,  papers,  etc.,  and 
for  the  expending  of  all  money  voted  by  the  Council  for  its 
use.  It  shall  appoint  an  attendant  who  shall  act  as  Assistant 
Librarian.  It  shall  make  Bye-laws  for  the  management  of  the 
Library,  subject  to  the  approval  of  the  Council,  and  present  an 
annual  report  to  the  first  meeting  of  the  Council  held  after  the 
annual  scrutiny  of  the  books  referred  to  in  Bye-law  No.  13. 

6. — ^Except  when  closed  by  special  order  of  the  Library  Com- 
mittee, or  when  the  Council  is  sitting,  the  Library  and  Reading 
Room  shall  be  open  for  consulting,  borrowing,  or  returning 
books,  every  week  day  as  follows : — On  Monday,  Tuesday, 
Thursday,  and  Friday,  from  10  a.m.  to  12  noon,  and  from  1*30 
to  9  p.m.  ;  on  Wednesday,  from  10  a.m.  to  12  noon,  and  from 
rSO  to  5  p.m. ;  on  Saturday,  from  10  a.m.  to  1  p.m.,  and  from 
3  to  9  p.m.  The  Rooms  will  be  closed  on  Christmas  Day,  New 
Yeai-'s  Day,  and  Good  Friday,  Monday  and  Tuesday  in  Easter 
week  and  Whit  week,  and  from  the  first  to  the  second  Saturday 
in  March  of  each  year,  as  mentioned  in  Bye-law  No.  13. 

7, — Books  shall  not  be  lent  to  any  persons  except  Members, 
Associates,  or  Graduates  of  the  Institution,  but  a  person  entitled 
to  borrow  a  book  may  send  a  messenger  with  a  signed  order  for  it. 

8. — Each  member  shall  be  entitled  to  introduce  a  friend  to 
the  Reading  Room,  whose  name  shall  be  written  in  the  visitors' 
book,  together  with  that  of  the  member  introducing  him. 

9, The  books  marked  with  an  asterisk  in  the  Catalogue 

shall  be  kept  only  for  consultation  in  the  Library,  and  shall  not 
be  lent.     Fending  the  preparation  of  a  Catalogue,  the  Librarian 
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shall  be  instrncted  by  the  Committee  as  to  which  books  shall  be 
withheld  from  circnlation. 

No  periodicals,  magazines,  or  pamphlets  shall  be  issued  for 
drculation  until  after  they  have  been  boand  and  added  to  the 
Lending  Library. 

10. — The  Librarian  shall  keep  a  register  in  which  he  him- 
self or  the  attendant  shall  enter  the  titles  of  the  books  lent,  the 
date  of  lending,  the  name  of  the  borrower,  and  the  date  of  the 
return  of  the  book  to  the  Library.  The  borrower  of  the  book 
or  the  bearer  of  his  order  shall  initial  the  entry  of  such  borrow- 
ing, and  the  Librarian  or  the  attendant  shall  initial  the  date  of 
the  return  of  the  book. 

.   11. — ^No  person  shall  borrow  or  have  in  his  possession  at  one 
time  more  than  two  volumes  belonging  to  the  Library. 

12. — No  member  shall  retain  a  book  longer  than  fourteen 
days,  excluding  the  day  of  issue.  He  shall  be  responsible  for 
the  safe  return  of  the  book,  and  if  it  be  damaged  or  lost  he  shall 
make  good  the  cost  of  such  damage  or  loss. 

13. — ^All  books  belonging  to  the  Library  shall  be  called  in 
for  inspection  and  the  lending  out  of  books  shall  be  suspended 
from  the  first  to  the  second  Saturday  of  March,  inclusive,  of  each 
year,  and  membera  shall  be  required  by  an  intimation  inserted 
in  the  notice  calling  the  preceding  meeting  of  the  Institution  to 
return  all  books  in  their  hands  before  the  period  mentioned. 

Members  failing  to  comply  with  this  injunction  shall  pay  a 
fine  of  two  shillings  and  sixpence. 

14. — Members  are  requested,  when  in  the  Reading  Room 
or  Library,  to  contribute  to  the  general  comfort  by  carefully 
abstaining  from  loud  talking  and  noise  of  any  kind.  Smoking 
is  not  permitted  in  the  Library. 

15. — Any  member  being  twelve  months  in  arrears  with  his 
subscriptions  to  the  Institution  shall  not  be  at  liberty  to  use  the 
Library  or  Reading  Room  after  the  commencement  of  the  first 
session  following. 


Unbound  Booki 


Register  of 
Books  Lent,  ko. 


Number  Lent  U 
eftcb  Member. 


Beiumof  Book 


Teftrlylnspecth 
of  Books. 


Fine. 


Members  in 
Arrears. 


N.B. — The  foregoing  Rules  may  be  amended  at  any  time  by 
the  Library  Committee  with  the  sanction  of  the  Council. 
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APPENDIX   TO   BYELAWS. 


FORM  A.  (BYE-LAW  1.) 

Name  (in  full) 

Profession  or  Occupation  and  where  Employed 
Address 

being  desirous  of  admission  into  the  North-East  Coast  Institu- 
tion of  Engineers  and  Shipbuilders,  we,  the  undersigned,  propose 
ABsocilte,  or        and  recommcud  that  he  shall  become* 

Graduate. 

t  A  Principal.        thcrcof .    Wc  kuow  him  to  bet 
^u^tonameto    and  eligible  for  the  proposed  membership. 

CoMtU^Uo?  °'  FROM  PERSONAL  KNOWLEDGE.        SECTION  OF  MEMBERSHIP. 

Proposed  by. 

Supported  by 

Three  Members 

or  Associates. 


Dated  this  day  of 

(When  a  Graduate  is  proposed  the  age  last  birthday  should  he  stated.) 


FORM  B.  (BYE-LAW  2.) 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address 
in  fuH]  being  at  present  a  of  the  North-East  Coast 

Institution  of  Engineers   and  Shipbuilders,  and  upwards  of 
twenty-four  years  of  age,  and  being  desirous  of  becoming  ' 

of  the  said  Institute,  we,  the  undersigneu 
[Members  or  Associates],  recommend  him,  from  personal  know^ 
ledge,  as  a  person  ehgible  for  the  proposed  Change  of  member- 
ship, because — 

(Here  specify  distinctly  the  Qualifications  of  the  Candidate  according 
to  the  spirit  of  the  Mules  of  the  Institution.) 

Signed . 

^        /        Three 

[Members  oi 
Associates.] 


Dated  this  day  of  18 


Ixvii 
FORM  C.  (BYE-LAW  8.) 

BALLOTING  PAPER  FOR  MEMBERSHIP. 

The  Council  having  considered  the  recommendations  for 
Membership  of  the  following  gentlemen,  present  them  to  be 
balloted  for,  viz.: — 


MKXBEfl, 

a.ssociatk.  or 
Graduats. 

Occupation. 

ADDRK88. 

NOMIKATKD  DY. 

Supported 
1     BY  Thrke 
Members  or 

A880CIATE8. 

Strike  out  the  names  of  such  persons  as  you  desire  shall  not 
be  elected,  and  forward  the  list  by  post  to  the  Secretary,  or 
personally  place  it  m  the  ballot-box  at  the  Meeting. 


FORM  D.  (BYE-LAW  4.) 

Sir, — ^I  am  directed  to  inform  you  that  on  the  day 

of  you  were  elected  a  of  the  North -East 

Coast  Institution  of  Engineers  and  Shipbuilders,  but,  in  con- 
formity with  Bye-Law  4,  your  election  cannot  be  confirmed,  nor 
-our  name  be  added  to  the  roll  of  membership,  until  you  have 
Jd  your  first  annual  subscription,  the  amount  of  which  is 
:        :        ,  or,  at  your  option,  the  Life  Composition  of 


£ 
£ 


Payment  may  be  made  to  the  Treasurer,  Mr._ 

Address_ 

I  am,  Sir, 

Yours  faithfully, 


Secretary. 


Dated 


18 


S.B. — In  case  of  a  Graduate,  strike  out  -  or,  at  your  option,  the 
JAfe  Composition  of  £        t        t         '* 
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FORM  E.  (BYE-LAW  9.) 

Sib, — I  am  directed  by  the  Goimcil  of  the  North-East  Coast 
Institntion  of  Engineers  and  Shipbuilders  to  draw  your  attention 
to  Bye-Law  6,  and  to  remind  you  that  the  sum  of  £ 
of  your  annual  subscriptions  remains  unpaid,  and  that  yon  are  in 
consequence  in  arrear  of  subscription. 

I  am  also  directed  to  request  that  you  will  cause  the  same  to 
be  paid  without  further  delay,  otherwise  the  Council  will  be 
under  the  necessity  of  exercising  their  discretion  as  to  using  the 
power  vested  in  them  by  the  Rule  above  referred  to. 

I  am,  Sir, 

Tours  faithfully, 

Secretary. 

FORM  F.  (BYE-LAW  9.) 

Sib, — I  am  directed  by  the  Council  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilder  to  inform  you  that  in 
consequence  of  non-payment  of  your  arrears  of  subscription,  and 
in  pursuance  of  Bye-Law  9,  the  Council  have  determined  that 
unless  payment  of  the  amount  (£  )  is  made  previous 

to  the  day  of  next,  they  will  proceed  to  declare 

that  you  have  ceased  to  be  a  member  of  the  Institution. 

But,  notwithstanding  this  declaration,  you  will  remain  liable 
for  payment  of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faithfully. 

Secretary. 

FORM  G.  (BYE-LAW  10.) 

Sib, — I  am  directed  by  the  Council  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders  to  inform  you  that 
they  feel  it  their  duty  to  advise  you  to  withdraw  from  the 
Institution,  or  otherwise  they  will  be  obliged  to  act  in  accord- 
ance with  Bye-Law  9  (or  10,  as  the  case  may  be.) 

I  am,  Sir, 

Yours  faithfhlly, 

Secretary. 


Ixix 
FORM  H.  (BYB-LAW  11). 

BALLOTING    LIST. 

PsBSiDBirr. — One  Nahb  only  to  be  retamed,  or  the  vote  will  be  lost. 
President  for  the  current  year  (eligible  for  re-election.)* 


:) 


New  Nominations,  from  whom  to  select  ONE. 


Vics-PsBS£DENT8. — NiNB  NiMBS  Only  to  be  returned  (including  the  six 
who  remain  in  office),  or  the  vote  will  be  lost. 


Six  Vice-Presidents  remiuning  in  office,  whose  seats  are  NOT 

vacant. 


•  I  Three  Vice-Presidents  retiring,  eligible  for  re-election. 


New  Nominations,  from  whom  to  select  THREE  names. 


TsBASFBBB.— Okb  Nakb  only  to  be  returned,  or  the  vote  will  bo  lost. 
Treasurer  for  the  current  year,  eligible  for  re-election. 


New  Nominations,  from  whom  to  select  ONE. 


CoTmciLMBN. — Fiftbbn  Nambs  only  to  be  returned,  including  the  ten  who 

remain  in  office. 


Ten  Councilmen  remaining  in  office.     These  do  not  require  to  be 
voted  for  at  this  election,  as  their  term  of  service  has  NOT  yet 

expired. 


Five  Councilmen  retiring,  and  NOT  eligible  for  re-election. 


New  Nominations  from  whom  to  select  FIVE. 


*  Tobe  croaied  oat  before  Iiauo,  when  the  President  Is  not  eligible  for  re-election. 


Ixx 


K.B. — (a)  The  names  of  those  who  remain  in  office  will  be  counted  in 
the  total  number  required  without  being  re-written  by  the  voter. 

(b)  Any  list  having  either  hobb  6r  LBSS  than  the  required  number  of 
names  voted  for  in  any  section  will  be  disqualified  for  that  section. 

(c)  Votes  as  President  for  a  person  who  is  not  elected  will  count  for  him 
as  a  Vice-President. 

(d)  Votes  as  Vice-President,  or  Treasurer,  for  persons  not  so  elected,  will 
count  for  thera  as  Councihnen,  unless  they  have  just  completed  a  term  of 
office  in  that  capacity. 

(e)  This  list,  duly  filled  in,  may  be  returned  to  the  Secretary  by  post,  or 
handed  to  him,  so  as  to  be  on  the  Council  table  before  the  commencement  of 
the  scrutiny,  which  is  appointed  to  take  place  in  the  Council  Room,  at  8 
p.m.,  on  18 

(/)  A  copy  of  this  list  shall  be  posted  at  least  Seven  Days  previous  to 
the  Annual  Meeting  to  every  Member  and  Associate,  who  may  erase  any  name 
or  names  from  the  list  and  substitute  the  name  or  names  of  any  other  person 
or  persons  eligible  for  such  respective  offices,  but  the  number  of  persons  on 
the  list  after  such  erasure  or  substitution  must  not  exceed  the  number  to  be 
elected  to  the  respective  offices. 

Secretary. 


(FORM  J.  (BYE-LAW  45.) 


Nobth-East  Coast  Institution  op  Enginebbs  and  Shifbuildbbs. 


FORM  OP  PROXY 
Fob  Votes  on  Altbbations  to  Constitution  ob  Btb-Law8. 


I, being  [an 

Honorary  Member,  Member,  or  Associate]  of  the  above  Institution, 

do  hcrebv  ap}K)int  Mr 

who  is  [an  Honorary  Member,  Member,  or  Associate]  of  the  same 
Institution,  to  act  as  my  Proxy,  and  record  my  Vote  at  the  General 

Meeting  of  the  Institution,  to  he  held  on  the day  of 

,  18 ,  and  at  any  adjournment  thereof. 


Signature. 
Address .., 


, ..  Secretary. 


NORTH-EAST  COAST   INSTITUTION 

OF 

ENGINEERS  AND  SHIPBUILDERS. 


Seventh  Session,  1890-91. 


PROCEEDINGS. 


ANNUAL  GENERAL  MEETING,  HELD  IN  THE  LECTURE  HALL  OF 
THE  LITERARY  AND  PHILOSOPHICAL  SOCIETY,  NEWCASTLE- 
UPON-TYNB;  ON    MONDAY   EVENING,    OCTOBER    L3th,    1890. 


F.  C.  MARSHALL,  Esq.,  Past-Pbbsidbnt,  in  thb  Chaib,  j^ro  tern. 


The  Chairman  said  that  owing  to  the  absence  of  Mr.  Wigham  Richardson 
from  their  last  meeting  he  (Mr.  Marshall)  was  unable  at  that  time  to  have 
the  privilege,  as  he  would  then  have  deemed  it,  and  still  deemed  it,  of  in- 
stalling him  publicly  into  the  presidential  chair,  as  had  been  done  on  pre- 
vious occasions.  This  however  had  only  been  a  delay  in  the  formality, 
because  their  President  had,  during  the  interval,  f  uliilled  all  the  presidential 
duties,  and  discharged  them,  he  was  sure,  to  the  satisfaction  of  the  Council. 
It  was  unnecessary  that  he  should  introduce  Mr.  Richardson  to  them. 
He  was  known  very  well  to  every  one  of  them,  and  to  say  anything  in 
his  presence,  more  than  he  had  the  honour  of  saying  in  his  absence  at  last 
meeting,  would  be,  he  thought,  unseemly.  His  position  as  an  engineer, 
and  as  a  shipbuilder,  was  world-wide.  He  (Mr.  Marshall)  happened 
to  be  in  the  unfortunate  position  of  having  to  travel  about  a  good  deal 
himself,  and  wherever  the  name  of  "  Richardson"  was  mentioned,  in  any 
part  of  Europe,  he  could  answer  for  it,  it  was  received  with  confidence 
and  satisfaction.  His  attainments  as  a  literary  man  were  known  to  most 
of  them,  while  his  proficiency  and  ability  as  a  linguist  and  man  of  letters 
were,  he  might  say,  the  envy  of  every  one  of  them.     In  his  installation 
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as  their  President,  they  had  the  installation  of  a  gentleman,  who  would 
do,  he  was  quite  sure,  honour  to  the  chair  which  he  filled,  and  not  only 
maintain  the  Institution  in  its  character  and  influence  and  the  high 
position  to  which  it  had  already  attained,  but  would  lead  it  on  to  still 
greater  heights  of  usefulness  and  of  influence.  Turning  to  Mr.  Richard- 
son, the  Chairman  said — Mr.  President,  in  asking  you  to  take  the  chair 
to  which  you  have  been  elected  by  the  unanimous  votes  of  the  Institu- 
tion, I  may  say  that  the  Institution  has  not  as  yet  at  its  disposal 
a  presidential  robe  to  fall  as  a  mantle  from  the  shoulders  of  one 
president  to  those  of  his  successor  wherewith  to  encircle  you,  nor 
a  chain  of  office  by  which  it  can  symbolize  the  authority  with 
which  it  invests  you;  but  I  can  tell  you,  sir,  from  my  experience  it 
has  what  is  infinitely  better  ;  it  has  perhaps  the  most  earnest,  the  most 
intelligent,  and  the  most  sincere  Council  in  all  that  pertains  to  the  use- 
fulness of  the  Institution,  that  ijb  is  possible  to  have  besides  the  most 
praiseworthy  assistant  in  the  Secretary,  Mr.  Duckitt.  I  have  great  plea- 
sure in  asking  you  to  take  the  chair  and  preside  over  the  destinies  of  the 
Institution  during  the  ensuing  year. 


WIGHAM  RICHARDSON,  Esq.,  in  the  Chair. 


The  President,  having  taken  the  chair,  said,  he  was  extremely  obliged 
for  the  kindness  Mr.  Marshall  had  shown  in  coming  there  that  evening 
to  introduce  him  to  them,  and  he  begged  them  to  believe  that  his  wish 
would  be  to  be  able  to  do  as  well  in  the  office  as  he  (Mr.  Marshall)  had 
done  in  the  past  two  years.  He  would  not  say  more  at  present,  but  call 
upon  the  Secretary  to  read  the  minutes  of  the  Closing  Meeting  of  last 
session. 

The  Secretary  read  the  minutes  of  the  preceding  Closing  Meeting 
held  in  Newcastle  on  May  r2th,  which  were  approved  by  the  members 
present  and  signed  by  the  President.  The  ballot  for  new  members 
having  been  taken,  the  President  appointed  Messrs.  J.  R.  Fothergill  and 
H.  Miicoll  to  examine  the  voting  papers,  and  the  following  gentlemen 
were  declared  elected  : — 

MEMBERS. 

Craig,  Jolm  ('.,  Foi^e  IiisjKJctor  to  Lloyd's  Rogistor  of  Shipping,  3,  St.  Nicholas' 

Hiiildings,  Newcastle-on-Tyne. 
Cinniuing,  William  S.,  Chief  S|np  Draughtsman  to  Messrs.  Naval  Construction 

and  Armaments  Co.,  Barrow-in-Furness. 
Donald,  George  (tray.  Engineer.  35.  Linskill  Terrace,  North  Shields. 


MEMBERS.  :^ 

English,  Thos.  (Lieut.-Col.),  Ordnance  Works  Manager,  Messrs.  Palmers'  Ship- 
bailding  and  Iron  Co.,  Jarrow-on-Tyne. 

Lineham,  Wilfrid  J.,  Professor  of  Engineering  and  Mechanical  Science,  Gold- 
smiths' Co.,  Technical  Institute,  New  Cross,  London,  S.E. 

Moor,  Frederick,  Engineer,  Lindenwood  Park  Place,  Cardiff. 

Morrison,  William,  E.  Surveyor  to  Lloyd's  Register  of  Shipping,  3,  St.  Nicholas' 
Buildings,  Newcastle-on-Tyne. 

Morton,  Richard  Fraser,  E.  Surveyor  to   Lloyd's  Register  of  Shipping.  3,  St. 
Nicholas'  Buildings,  Newcastle-on-Tyne. 

Nicol,  George,  Marine  Superintendent  to  Messrs.  Adam  Bros.  &  Co.,  Newcastle- 
on-Tyne. 

Norton,  Harold   P.,  Engineer  Corps,  U.S.  Navy,  Bureau  .  Steam    Engineering. 
Navy  Department.  Washington,  U.S.  of  America. 

Peacock,  Alfred   Norman,  Surveyor   to   Lloyd's   Register  of   Shipping,  3,  St. 
Nicholas'  Buildings,  Newcastle-on-Tyne. 

Pitt,  Frederick  William,  E.  Surveyor  to  Lloyd's  Register  of  Shipping,  3,  St. 
Nicholas'  Buildings,  Newcastle-on-Tyne. 

Scurlock,  Tlios.  Henry,  Ship  Draughtsman,  237.  Albert  R«)ad,  Jarrow-on-Tyne. 

Spence,  Henrj'  Grant,  Shipbuilder,  Messrs.  Richardson,  Duck,  &  Co.,  Stockton- 
on-Tees. 

Stewart,  James,  Supt.  Engineer  to  Messrs.  Adam  Brothers  &  Co.,  Newcastle-on- 
Tyne. 

Stouehouse,  Andrew.  Jnn.,  Ship  Draughtsman.  Messr.-*.  J.  Scott  &  Co.,  Kinghorn, 
N.B. 

Wisnom,   Hugh,  Assist.  Supt.  Engineer,  Messrs.   Ulster  S.S.  Co.,  Belfast,  50, 
Fitzroy  Avenue,  Belfast. 

ASSOCIATES. 
Dove,  Edward  John,  Cement  Manufactnrer,  5.  St.  Nicholas'  BniUlinsr-s,  Newcastle- 
on-Tyne. 
Hagrgie,  Stevenson,  Rope  Manufacturer,  Queen  Street.  Newcjistle-oJi-Tyiie. 

GRADUATES. 
Bell,  George  Arthur,  E.  Apprentice,  29,  Hawthorn  Street,  Newcastle-on-Tyne. 
Doxford,  Albert  Ernest,  B.A.,  Engineer,  Grinden  Hall,  near  Sunderland. 
Stephens,  Henry  C.  J.,  E.  Apprentice,  4,  Wilberforce  Street,  Wallsend-on-Tyne. 

The  Councirs  Report  and  Treasurer's  Statement  for  the  sixth 
^ion  was  read  by  the  Secretary,  nnd  submitted  to  the  meeting  for 
a<ioption. 


COUNCIL  REPORT. 


COUNCIL    REPORT. 

(Sixth  Session.) 


The  Council  in  presenting  its  sixth  annual  report  has  pleasure  in  stacing 
that  the  finances  of  the  Institution  are  in  a  satisfactory  condition. 

During    the   session   the   following    papers   have   been    read   and 
diflcussed : — 

1. — "  Notes  on  the  Surveying  and  Classification  of  Shipping."     By  Mr.  G.  E. 

Macarthy. 
2. — "  The  Strength  of  Boilers."    By  Mr.  James  C.  Spence. 
3. — *'  The  Constmction  of  Marine  Boilers  with  a  view  to  the  use  of  Higher 

Pressures."     By  Mr.  C  B.  Casebourne. 
4.—"  High  Speed  Engines  for  Cargo  Boats."     By  Mr.  E.  Hall-Brown. 
5. — **  BoUer  Furnaces."    By  Messrs.  W.  Kilvington  and  A.  Taylor. 
6. — "The  Normal  Indicated  Horse- Power  of  Marine  Engines  and  Boilers." 

By  Mr.  R.  L.  Weighton,  M.A. 
7. — **  The  Structural  Strength  of  Cargo  Steamers  of  different  Types"     By 

Mr.  G.  Bergstrdm. 
8. — "  The  Weight  of  Machinery  in  the  Mercantile  Marine."     By  Mr.  William 

Boyd. 

Early  in  the  session  the  President,  Mr.  F.  C.  Marshall,  convened  a 
'  meeting  of  the  Graduate  Members  of  the  Institution,  the  result  of  which 
was  that  a  Graduate  section  for  the  reading  and  discussing  of  papers 
among  themselves  was  inaugurated,  a  code  of  bye-laws  drawn  up,  and 
Mr.  Frank  T.  Marshall  was  appointed  President,  and  Mr.  H.  R.  Curwen 
Hon.  Secretary  for  the  year.  A  very  instructive  address  was  delivered 
by  Mr.  Frank  T.  Marshall  at  the  first  meeting,  and  at  subsequent 
meetings  the  following  papers  were  read  and  discussed : — 

"  Crank  Shafts  for  Marine  Engines."     By  Mr.  O.  Wlieeler. 
'•  Steam  Engine  Trials."     By  Mr.  B.  Bramwell. 

Visits  were  also  paid  to  several  of  the  most  interesting  works  in  the 
district.  The  Council  hopes  that  all  the  younger  members  of  the 
Institation  will  take  an  active  interest  in  this  section,  and  that  the 
work  thus  begun  will  prove  both  useful,  instructive,  and  of  mutual 
benefit  to  all. 

During  the  past  year  the  following  additions  have  been  made  to  the 
list  of  membei-s : — 56  Ordinary  Members,  9  Associates,  and  1 1  Graduates. 
The  Institution  regrets  having  to  record  the  loss  by  death  of  the  follow- 
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ing  members: — Mr.  William  Clarke,  Mr.  Alexander  Hepburn,  Mr.  D. 
Martens,  Mr.  William  Robinson,  Mr.  Thomas  Wilson,  and  Mr.  Georpje 
Roberts  (Associate).  It  has  also  lost  by  resignations  and  other  canses 
31  Members,  1  Associate,  and  4  Graduates. 

Several  mattei*s  of  importance  have  engaged  the  attention  of  the 
Council.  Of  these  the  following,  which  are  still  under  consideration, 
may  be  mentioned: — The  representation  of  Engineers  and  Shipbuilders 
on  Lloyd's  Committee;  the  question  of  this  Institution  associating  with 
the  Literary  and  Philosophical  Society;  and  the  election  of  a  Professor 
to  the  Chair  of  Naval  Architecture  and  Engineering  in  the  Durham 
College  of  Physical  Science. 

The  thanks  of  the  Institution  are  due  to  those  firms  and  gentlemen 
who  have  kindly  contributed  to  the  following  Funds,  a  list  of  whom 
is  appended  to  the  Financial  Statement  attached  to  this  Report: — 
The  Library  Furnishing  Fund ;  the  Gold  Medals'  Fund ;  and  the 
Graduates'  Award  Fund.  The  sums  contributed  to  the  Gold  Medals' 
and  Graduates'  Award  Funds,  together  with  the  amount  received  from 
the  Life  Members  and  Life  Associates,  in  all  £605,  have  been  handed 
over  to  the  Trustees  of  the  Institution  for  investment. 
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NORTH-EAST  COAST  INSTITUTION   OF 

STATEMENT  of  RECEIPTS  and  PAYMENTS 


'Kecefptd. 

To  Balance  from  last  Account — 

£ 

8. 

d. 

£  .  8.    d. 

^Lv  x>anKGirS        •••            •••            ..•            •••            ••• 

•  •  • 

•  •• 

315 

8 

2 

In  hand 

•  •  • 

■  •  • 

1 

3 

4 

316  11     6 

„  Subscriptions  received  for  Session  1889-90 — 

197  Members  at  £2  2s 

£413  14 

0 

89  Associates  „  £1  Is 

93 

9 

0 

368  Members    „  £1  Is 

386 

8 

0 

49  Graduates  „  lOs.  6d 

25  14 

6 

— 

919 

5 

6 

703 

- 

For  Sessions  1886  to  1889  (arrears)— 

5  Members  at  £2  2s.      ...         

£10  10 

0 

21  Members  „  £1  Is 

22 

1 

0 

4  Members  „  10s.  6d 

2 

2 

0 

1  Associate  „  £1  Is 

1 

1 

0 

1  Graduate,,  10s.  6d 

0 

10 

6 



36 

4 

6 

32 

„  Transactions  Sold  this  Session  from  Stock  ... 

955  10    0 

■  •  • 

37  12 

9 

„  Copies  of  Members'  Papers  8ui)plied 

•  •  • 

•  •  • 

34  13 

2 

„                      „                   „         for  1885-6    ... 

•  •  • 

6  15 

0 

79    0  11 

„  Donations  as  per  List — 

Library  Fund          ...         

•  •  • 

•  •  • 

33 

12 

0 

Gold  Medals'  Fund 

•  • 

•  •  • 

274 

0 

0 

Graduates'  Award  Fund 

« 

•  •  • 

215 

15 

0 

• 

£1,874    9    5 
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ENGINEERS  AND  SHIPBUILDERS 

FOR  Session  ending  31st  May,  1890. 


pasmentd. 

Bj  Transactions  and  Papers — 

£      s. 

d.      £      s. 

d. 

Lithographing^        ...         ...         ...         ...         ... 

... 

124    1 

6 

Printing  and  Binding        

..• 

171  11 

6 

0 

„  Stationery  and  Circulars       

... 

45  17 

0 

9f     Xl^LIUlwalUf                 ■••                 •••                 •••                •••                 •••                 «•• 

..• 

23    9 

6 

„  Advertising 

*  • . 

2    7 

0 

„  Rents — 

vriiices           ...        ...        ...        ...        *••        .«. 

.•• 

65    4 

0 

Lectnre  Rooms        ...         ...         ...         ...         ... 

• .  • 

7  12 

2 

„  Rates,  Qas,  and  Insurance 

.•* 

12  16 

3 

M  Fees  to  Hall  Keepers 

••• 

1    1 

0 

„  Salaries — 

Secretary's  Salary 

... 

120    0 

0 

.,         Commission     ...         ...         ...         ... 

... 

47  16 

6 

Assistant  Librarian            ...         ...         ...         ... 

... 

26    0 

0 

»  Postage  Stamps,  Post  Cards,  and  Parcels  ... 

... 

82  10 

8 

n  Secretary's  Expenses 

... 

6    7  10 

»  Office  Expenses,  Coals,  Cleaning,  etc.          

... 

18    7 

3 

»,  Hanging  Drawings     ...         ...         ...         ...         ... 

... 

0    6 

6 

M  Rent  for  Measured  Mile  Posts         

... 

3    3 

0 

i>  Repairs  to        „            „                   ..•         •••         ••• 

... 

11  18 

0 

•11  Auditor's  Fee   ...         ...         ...         ...         ... 

... 

3    3 

0 

AhCL    -lO 

8 

»  Library  Fund — 

— "      */o    xo 

Furniture 

6    6 

0 

Bookbinding            

... 

14    6 

6 

20  12 

21  0 

6 
0 

»  Donation  to  Literary  and  Philosophical  Society    ... 

•  *  ■ 

»»  Tjne  Improvement  Commissioners — Investment  of  Funds, 

viz.: — 

Gold  Medals' Fund 

... 

274    0 

0 

Graduates' Award  Fund 

... 

215  15 

0 

Payments  by  Life  Members  and  Associates 

... 

115    5 

0 
-    605    0 

0 

„  Balance — 

At  ilanKers  ...         ...         ...         •••         •••         ••• 

•  ■  • 

456    3  10 

in  nauQ         ...         ...         .<.         .•*         .••         ■.• 

- 

0     1 

5 
-    456    5 

3 

£1,874    9 
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LIBRARY    FURNISHING    FUND. 

Messrs.  W.  Doxford  &  Sons,  Sunderland     

F.  C.  Marshall,  Bsq.,  Tynemouth      

W.  H.  White,  Esq.,  London 

Messrs.  W.  Gray  &  Co.,  West  Hartlepool 

H.  F.  Swan,  Esq.,  Newcastle-on-Tyne         

Right  Hon.  Earl  Ravensworth,  Newcastle-on-Tyne 

Right  Hon.  Lord  Armstrong,  Newcastle-on-Tyne 

Messrs.  Thos.  Richardson  *&  Sons,  West  Hartlepool 

Messrs.  B.  Withy  &  Co.,  West  Hartlepool 

Messrs.  Herskind  &  Woods,  West  Hartlepool         

Sir  B.  C.  Browne,  Newcastle-on-Tyne  

W".  A.  F.  Crawford,  Esq.,  Newcastle-on-Tyne         

W.  Cross,  Esq.,  Newcastle-on-Tyne 

Sir  Baylton  Dixon,  Middlesbrough 

Edward  Eccles,  Esq.,  Newcastle-on-Tyne 

Christopheif  Fumess,  Esq.,  West  Hartlepool  

J.  Percy  Hall,  Esq.,  London 

6.  B.  Hunter,  Esq.,  Newcastle-on-Tyne       

H.  Macoll,  Esq.,  Sunderland 

James  Readhead,  Esq.,  South  Shields  

Robert  Readhead,  Esq.,  South  Shields         

Seebohm  &  Dieckstahl,  per  H.  E.  Hollis,  Esq. 
D.  Andrew,  Esq. 

S.  P.  Austin,  Esq.,  Sunderland  

W.  Boyd,  Esq.,  Newcastle-on-Tyne 

Messrs.  Brigham  &  Cowan,  South  Shields 

J.  Buhner,  Esq.,  Newcastle-on-Tyne 

P.  Cannell,  Esq.,  Lisbon  

Ralph  Carr,  Esq.,  Newcastle-on-Tyne  

H.  Chapman,  Esq.,  Newcastle-on-Tyne        

H.  Charlton,  Esq.,  Gateshead-on-Tyne         

Messrs.  J.  G.  Charlton  &  Co.,  Newcastle-ou-Tyne 

C.  J.  D.  Christie,  Esq.,  Newcastle-on-Tyne 

Nelson  Foley,  Esq.,  Naples      

J- R.  Fothergill,  Esq.,  West  Hartlepool       

J- Graven,  Esq.,  Newcastle-on-Tyne 

■A- Gray,  Esq.,  Newcastle-on-Tyne 

■A.  Harrold,  Esq.,  Newcastle-on-Tyne  

^- Hepple,  P^sq.,  North  Shields        

^.  Hindson,  Esq.,  Gateshead-on-Tyne         


£      8.  d. 

10    0  0 

10    0  0 

10    0  0 

5     5  0 

5  0 

0  0 

0  0 

4  0 

4  0 

3  0 
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2 
2 
2 
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2 
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2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
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1 
1 


1 
1 
1 
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0 
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2     0 
2     0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


1     0 
1     0 


0 
0 


1  0 

1  0 

1  0 

1  0 


0 
0 
0 
0 


I  0 

1  0 

1  0 

1  0 

1  0 


Carried  forward 


...£106     :i     0 
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Brought  forward         

Messrs.  Hanting  &  Pattison,  Kewcastle-on-Tyne 

G.  Jones,  Esq.,  West  Hartlepool        

W.  KUvington,  Esq.,  Newcastle-on-Tyne    ... 

A.  Leckie,  Esq.,  West  Hartlepool      

C.  W.  Littleboy,  Esq.,  Stockton-on-Tees 

G.  E.  Macarthy,  Esq.,  Newcastle-on-Tyne  ... 

A.  Matthews,  Esq.,  Blyth        

J.  Matthews,  Esq.,  Newcastle-on-Tyne 
W.  Maughan,  Esq.,  Newcastle-on-Tyne 
W.  Menzies,  Esq.,  Newcastle-on-Tyne 

T.  Metcalf,  Esq.,  Sunderland 

J.  T.  Milton,  Esq.,  London     

C.  Mitchell,  Esq.,  Newcastle-on-Tyne 

D.  B.  M orison,  Esq.,  West  Hartlepool 

T.  Mudd,  Esq.,  West  Hartlepool        

G.  F.  Mulherion,  Esq.,  Jarrow-on-Tyne 

R.  Muir,  Esq.,  Newcastle-on-Tyne     

Hon.  C.  Pai^ouB,  Ryton-on-Tyne       

J.  Petersen,  Esq.,  West  Hartlepool 

E.  Perry,  Esq.,  Newcastle-on-Tyne 

W.  Phillips,  Esq.,  London       

R,  Philipson,  Esq.,  Tynemouth  

J.  Price,  Esq.,  Newcastle-on-Tyne     

E.  Reynolds,  Esq.,  Sheflaeld 

F.  Robsod,  Esq.,  Newcastle-on-Tyne 

W.  M.  Roche,  Esq.,  Sunderland         ...         ... 

Messrs.  R.  Roger  &  Co.,  Stockton-on-Tees   ... 

J.  A.  Rowe,  Esq.,  London        

James  Rowan,  Esq.,  Glasgow 

A.  G.  Schaeffer,  Esq.,  Newcastle-on-Tyne    ... 
A.  Scholefield,  Esq.,  Newcastle-on-Tyne 
J.  K.  Sinton,  Esq.,  Newcastle-on-Tyne 

G.  W.  Sivewright,  Esq.,  West  Hartlepool     ... 

John  Spear,  Esq.,  Hull  

J.  C.  Stirzaker.  Esq.,  Newcastle-on-Tyne     ... 
J.  E.  Stoddart,  Esq.,  West  Hartlepool 

J.  Summers,  Esq.,  Newcastle-on-Tyne 

M.  W.  Swinburne,  Esq.,  Newcastle-on-Tyne 

A.  Taylor,  Esq.,  Newcastle-on-Tyne 

J.  Temperley,  Esq.,  London 

R.  Thompson,  Esq.,  Sunderland         

G.  Tin  well,  Esq.,  Sunderland 

J.  Tweedy,  Esq..  Newcastle-on- I'yne 
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Brought  forward 

G.  Tyzack,  Esq.,  South  Shields  

J.  Varley,  Esq.,  Leeds 

T.  W.  Wailes,  Esq.,  Cardiff     

J.  Wallau,  Esq.,  Gkiteshead-on-TyDe 

J.  P.  Walliker,  Esq.,  Newcastle-on-Tyne     

J.  6.  Walton,  Esq.,  London 

Measra.  Warley,  Pickering,  &  Co.,  West  Hartlepool 

H.  B.  Watson,  Esq.,  Newcastle-on-Tyne      

P.  Watts,  Esq.,  Newcastle-on-Tyne 

B.  L.  Weighton,  Esq.,  Newcastle-on-Tyne 

C.  White,  Esq.,  Newcastle-on-Tyne 

W.  Whyte,  Esq. ,  Newcastle-on-Tyne  

F.  Yeoman,  Esq.,  West  Hartlepool 

B.  Younger,  Esq.,  Newcastle-on-Tyne         

R.  Fletcher,  Esq.,  Newcastle-on-Tyne  

A.  Reichwald,  Esq.,  Newoastle-on-Tyne      

D.  Stephens,  Esq.,  Newcastle-on-Tyne         

R.  Welford,  Esq.,  Newcastle-on-Tyne  

M.  Havelock,  Esq.,  Newcastle-on-Tyne        

Sandries  as  per  Receipt  and  Payment  Account,  May, 
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GOLD  MEDALS'  FUND. 


C.  Furaess,  Esq.,  West  Hartlepool 

H.  Withy,  Esq.,  and  B.  W.  Vick,  Esq..  West  Hartlepool ... 


GRADUATES'  AWARD  FUND. 

Messrs.  Palmers*  Iron  and  Shipbuilding  Co.,  Jarrow-on-Tyne 
Messrs.  Hawthorn,  Leslie,  &  Co.,  Newcastle-on-Tyne 

Messrs.  W.  Doxford  &  Sous,  Sunderland      

C.  Mit<;hell,  Esq.,  Newcastle-on-Tyne  

Messrs.  Wigham  Richardson  &  Co.,  Newcastle-on-Tyne  ... 

John  Readhead,  Esq.,  South  Shields 

Messrs.  C.  S.  Swan  &  Hunter,  Newcastle-on-Tyne... 

Messrs.  J.  L.  Thompson  &  Sons,  Sunderland  

^- J.  Bone,  Esq.,  North  Shields        

"  •  Boyd,  Esq ,  Newcastle-on-Tyne 

Messrs.  W.  Gray  &  Co.,  West  Hartlepool     

S- K  Austin,  Esq.,  Sunderland  

H.  F.  Swan.  Esq.,  Newcastle-on-Tyne  
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£173 
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0 
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£274 

0 

£ 
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0 

25 
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20 
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20 
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20 
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20 
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20 
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20 
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0 

10 
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5 
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0 

£215 

16 

0 

14  PBOOEEDINGS. 

The  President  said,  it  was  usual  for  the  adoption  of  this  report  to 
be  moved  from  the  chair.  He  was  sure  they  would  all  consider  it  an 
extremely  satisfactory  one,  with  perhaps  the  exception  of  the  fibrst  para- 
graph on  page  6,  giving  the  names  of  those  who  had  gone  before,  and 
they  must  all  very  much  regret  the  losses  which  they  had  sustained.  The 
first  name  that  came  on  the  list,  Mr.  William  Clarke,  was  one  of  his 
oldest  engineering  friends,  and  he  (the  President)  always  looked  upon 
him  as  one  of  the  very  first  men  of  the  district.  He  never  met  anyone 
equal  to  him  for  the  organisation  of  works,  and  he  considered  his  decease 
a  very  great  loss  to  them  as  engineers  and  business  men,  and  to  himself 
as  that  of  a  very  dear  friend.  As  regarded  the  Graduate  section,  which 
formed  a  part  of  their  Institution,  he  was  sure  they  all  wished  very  great 
success  to  the  first  meeting  of  the  session  which  had  to  take  place  on 
October  22nd.  There  would  then  be  an  election  of  President,  an  Honorary 
Secretary,  and  Committee,  and  he  believed  several  members  of  the  Council 
intended  taking  part  in  the  meeting.  He  very  much  wished  that  this 
section  of  their  Institution  might  be  extremely  successful.  They  would 
remember  that  the  sum  of  £215  had  been  invested,  the  interest  of  which 
would  be  set  apart  for  prizes  for  the  best  papers  read  by  the  Graduates. 
As  regarded  the  finances,  they  would  be  pleased  to  hear  that  the  Council 
had  set  aside  a  sum,  not  exceeding  £60,  for  the  purchase  of  books,  and  he 
had  no  doubt  that  before  long  the  rooms  of  the  Institution  would  contain 
a  library  of  reference,  which  would  be  extremely  useful  and  second  to  few, 
if  any,  in  this  part  of  the  country,  or  in  England.  He  begged  to  move 
the  adoption  of  the  annual  report  and  financial  statement. 

The  motion  was  carried  nem,  con. 


SUB-COMMITTEE  OF  LLOYD'S  REGISTER. 
Mr.  Arthur  Laing  had  great  pleasure  in  moving  the  confirmation 
of  the  election  by  the  Council  of  the  following  four  gentlemen  to  represent, 
for  a  term  of  four  years,  the  shipbuilders  and  engineers  of  the  North-East 
Coast  district  on  the  new  Sub-Committee  of  Lloyd's  Register  of  Shipping,, 
viz. : — William  Boyd,  Esq.,  Newcastle-on-Tyne  ;  Francis  Carr  Marshall, 
Esq.,  Tynemouth ;  Robert  Thompson,  Esq.  (Messrs.  J.  L.  Thompson  & 
Sons),  Sunderland ;  and  Henry  Withy,  Esq.,  West  Hartlepool.  He  felt 
that  they  had  in  these  gentlemen  those  who  were  fully  qualified  to  re- 
present not  only  the  North-East  Coast  Institution  of  Engineers  and  Ship- 
builders, but  the  shipbuilders  and  engineers  of  the  whole  of  the  North-East 
Coast.  The  nominations  commended  themselves  to  him  in  this  way,  that 
they  had  two  representatives  for  the  Tyne,  one  for  the  Wear,  and  one  for 
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West  Hartlepool,  and  that  while  the  two  for  the  Tyne  were  engineers, 
those  for  Sunderland  and  West  Hartlepool  were  shipbuilders.  He  was 
sore  they  would  do  this  Institution  every  credit. 

Mr.  Geobge  B.  Hunter  seconded  the  confirmation.  He  thought 
there  would  be  no  question  as  to  their  being  very  well  represented  by  the 
gentlemen  named.    He  heartily  concurred  in  their  election. 

The  motion  was  adopted. 

INVESTMENT  OF  FUNDS. 

Mr.  RoBT.  Thompson  (Sunderland)  submitted  the  following  resolu- 
tion:— 

"The  Trustees  appointed  by  the  Institution  having  invested  the 
sums  of  £274  and  £331,  which  they  hold  in  trust  for  this  Institution, 
npon  the  security  of  the  River  Tyne  Commissioners,  and  this  investment 
not  falling  within  the  terms  of  the  instruments  creating  the  Trust,  in 
order  to  relieve  the  said  Trustees  from  any  liability  in  consequence  of 
their  having  stepped  outside  the  terms  of  the  Trust,  the  members  of 
this  Institution  are  hereby  called  upon  to  consider,  and  if  agreed  upon, 
to  pass  the  following  Resolution : — 

Resolved  that  this  General  Meeting  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders,  having  been  informed 
by  William  Boyd,  Esq.,  William  Theodore  Doxford,  Esq.,  and 
Francis  Carr  Marshall,  Esq.,  their  Trustees,  that  they,  the  said 
Trustees,  with  the  consent  of  the  Donors,  have  invested  with 
the  Tyne  Improvement  Commissioners,  upon  a  mortgage  of  the 
Tyne  Consolidated  Fund,  for  the  period  of  ten  years,  at  an 
interest  of  £3  12s.  6d.  per  annum,  the  sums  of  £274  and  £331 
held  by  the  said  Trustees  in  trust  for  the  said  Institution,  and 
that  such  investment  is  not  strictly  within  the  terms  of  the 
instruments  creating  the  Trust,  this  meeting  sanctions,  confirms, 
and  approves  of  the  said  investment." 

Mr.  Gravell  seconded  the  adoption  of  the  resolution. 

The  President  observed  that  the  Gold  Medals'  Fund  of  £274  was 
due  to  the  great  liberality  of  three  gentlemen,  while  the  further  sum 
0^  £215  for  the  Graduates'  Award  Fund  had  been  obtained  from  the 
principals  of  some  of  the  leading  works  in  the  district,  and  he  hoped 
these  bounties  would  bear  very  good  fruit. 

On  being  put  from  the  chair,  the  resolution  was  unanimously  accepted. 

The  President  then  delivered  his  Inaugural  Address. 
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INAUGURATi  ADDRESS 

By  the  Pbbsidbnt,  WIGHAM  RICHARDSON,  Esq, 


[Delivebed  at  the  Annual  Meeting,  October  13th,  189a] 


Gentlemen, — By  your  indulgence  I  am  permitted  to  address  a  few 
remarks  to  you  at  the  opening  of  this,  the  seventh  session  of  our 
floorishing  Institution,  and  I  beg  you  very  sincerely  to  believe  that 
the  task  is  no  easy  one.  In  the  first  place,  I  succeed  a  President  whose 
name  is  known  through  all  the  earth  wherever  a  steamship  floats,  and 
in  the  second  place,  I  cannot  pretend  to  the  special  knowledge  possessed 
hy  80  many  of  those  who  are  so  good  as  to  attend  here  this  evening. 
How  then  can  ignorance  instruct  knowledge,  or  the  half  empty  pitcher 
replenish  those  which  are  full  ?  But,  even  as  a  passenger  on  board  a 
steamer  may  know  nothing  of  navigation  as  compared  with  her  captain, 
nor  of  machinery  as  compared  with  her  engineer,  and  yet  from  his 
greater  leisure,  or,  perchance,  from  his  very  ignorance  of  these  matters, 
may  be  able  better  than  the  oflBcers  on  board  to  give  a  succinct  account 
of  the  voyage,  so  I  summon  courage  to  lay  before  you  some  notes,  as  it 
^ere,  of  the  ocean  of  knowledge  which  we  have,  all  of  us,  been  recently 
traversing. 

This  Institution  of  ours  has  been  in  every  way  a  flourishing  one, 
and  oar  Secretary  has  shown  us  in  his  report  that  intellectually  and 
financially  it  is  sound  and  healthy.  May  we  hope  that  the  present 
session  will  place  us  on  a  yet  higher  level. 

During  this  year  of  our  Lord  we  have  had  two  gratifying  testimonials 
to  the  esteem  in  which  our  Institution  is  held.  The  old  and  much 
^sspected  and  most  influential  body  known  as  Lloyd's  Register  of 
Shipping  has  called  upon  us  to  name  four  gentlemen  to  assist  their 
snrveyors  in  the  forming  of  the  rules  for  the  construction  of  ships  and 
steamers,  and  your  Council  have  selected  two  Past-Presidents,  Messrs. 
"m.  Bojd  and  F.  C.  Marshall,  as  engineers,  along  with  the  well-known 
shipbuilders,  Messrs.  Robert  Thompson,  of  Sunderland,  and  Henry 
^ithy,  of  West  Hartlepool.  The  duties  will  not  be  light,  but  the 
henefib  to  Lloyd's  Register  will,  I  feel  sure,  be  even  greater  than  their 
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Committee  imagine.  It  has  long  been  a  grave  defect  in  their  constitu- 
tion, and  in  that  of  the  Bureau  Veritas,  that  the  counsels  of  those  who 
know  most  about  ship  construction  should  have  been  to  a  great  extent 
neglected.  It  is  now  twenty-five  years  since  I  personally  began  to 
agitate  on  this  subject,  and  it  is  doubly  gratifying  to  me  to  know  that 
a  solution  has  been  at  last  found  by  leaving  the  election  of  one-third 
of  the  new  Committee  to  our  Institution. 

A  further  gratifying  event  is  that  the  Durham  College  of  Physical 
Science  has  called  upon  us  to  nominate  a  gentleman  to  its  Chair  of 
Engineering  and  Naval  Architecture.  It  is  true  that  the  necessary 
funds  are  not  yet  fully  subscribed,  but  I  have  little  doubt  but  that  they 
will  be  raised,  considering  the  munificence  in  the  past  of  some  of  our 
local  names. 

It  has  often  been  remarked  that  this  nineteenth  century  in  which 
we  live,  and  more  particularly  the  reign  of  our  beloved  Queen,  more 
resembles  the  times  of  the  Tudors  and  of  Queen  Elizabeth  than  any 
other  century  of  the  Christian  era.  In  the  sixteenth  century  the  time 
foretold  by  Seneca  had  come,  when  the  ocean  relaxing  its  bonds  had 
revealed  a  new  world.  In  our  own  days  the  locomotive,  the  steamship, 
and  the  telegraph  have  made  a  new  world  by  transforming  the  con- 
ditions under  which  we  live.  Perhaps  you  will  allow  to  one  who  is 
near  his  eleventh  lustration  to  be  to  some  extent  the  laudator  temparis 
acti,  and  not  expect  from  me  a  paean  on  the  wonders  of  our  wonderful 
age.  Although  the  future  is  full  of  hope,  the  past  is  replete  with 
interest. 

Last  year  it  was  my  lot  to  visit  the  ancient  city  of  Milan.  Travellers 
who  go  there  rarely  fail  to  visit  the  cathedral,  whose  interior  is  reputed 
to  be  the  most  impressive  in  Europe,  and  another  interior  which  far 
from  being  impressive  has  a  barn-like  appearance,  and  was  until  lately 
used  as  the  guard-room  of  the  barracks.  But  on  the  end  wall  of  this 
room  is  a  picture,  some  30  feet  by  12,  which  is  so  beautiful  that  it  is 
the  despair  of  artists  even  to  copy  it.  I  refer  to  the  "  Last  Supper,"  by 
Leonardo  da  Vinci,  painted  400  years  ago;  and  I  find  thftt  the  painter 
was  also  an  author  and  an  engineer.  Yes,  an  engineer,  and  his  works 
endure  until  our  time.  He  supplied  the  city  of  Milan  with  water,  and 
made  a  navigable  canal,  200  miles  in  length.  He  also  designed  various 
architectural  works  of  great  merit.  Thinking  on  this,  the  reflection 
occurs,  are  we  wise  in  specialising  our  knowledge  so  much  as  we  do  ? 
It  has  been  very  justly  said  that  a  man  may  allow  himself  to  know  a 
little  about  a  great  many  things,  provided  he  knows  a  very  great  deal  about 
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one  thing,  that  is  about  his  own  special  trade  or  profession.  But  surely  the 
thorough  knowledge  of  our  own  subject  requires  the  knowledge  of  all 
kindred  subjects.  We  engineers  complain  that  our  architects  are 
wanting  in  a  knowledge  of  the  piinciples  of  construction,  but  how  often 
do  we  see  buildings  put  up  by  engineers  themselves  where  they  treat 
brick  or  stone  walls  as  if  they  were  cast  iron  cylinders,  not  to  say 
girders,  and  forget  that  if  steel  be  strong  in  tension  and  cast  iron  in 
compression,  the  strength  of  stone  lies  in  its  weight,  although,  indeed, 
a  great  authority  has  admitted  that  it  is  not  so  heavy  as  a  fool's  wrath  I 
Some  of  our  modern  "  triumphs  of  engineering,"  such,  for  example,  as 
the  roof  of  the  St.  Pancras  Kailway  Station,  will  probably  be  looked  at 
witii  more  astonishment  or  pity  than  admiration  by  our  children.  We 
have  been  so  taken  up  with  the  useful  in  our  time  that  I  feel  sure  that  the 
great  building  age  of  Great  Britain  has  hardly  commenced.  The  learned 
historian  of  Italy  in  the  fifth  century,  our  fellow-townsman,  Dr.  Hodgkin, 
has  described  in  a  chapter  which  none  can  have  read  without  a  thrill, 
tlie  glorious  architecture  of  ancient  Rome,  and  that  Forum  which  no 
mortal  it  was  said  in  future  could  hope  to  imitate.  But  I  for  one  believe 
that  the  English  will  do  better  than  imitate.  They  will,  before  the 
Boeptre  of  empire  shall  have  dropped  from  their  grasp,  far  excel  it.  But 
for  the  present,  alas !  we  are  far,  very  far,  from  any  such  realisation,  and 
the  huge  stones  of  Baalbec  and  the  temples  of  Egypt  are  equally  beyond 
our  grasp.  The  hope  of  the  future  lies  with  those  who  do  not  mistake 
archaeology  for  architecture,  but  who  will  be  as  original  in  their  concep- 
tions as  our  engineers  are. 

When  foreigners  visit  England  there  are  two  things  which  always 

strike  them  painfully.     The  one  is  the  sight  of  the  ragged  urchins  in 

our  streets,  the  other  the  ugliness  of  our  provincial  towns.    To  the  first 

the  Englishman  is  wont  to  reply  that  the  moral  status  of  our  poor  is 

improving  year  by  year ;  to  the  second  he  will  perhaps  say  that  our 

towns  if  not  beautiful  are  yet  well  drained  and  healthy.     And  in  truth 

the  expenditure  on  drainage  and  other  sanitary  works  has  been  most 

laudable,  and  to  have  a  town  well  drained  is  a  great  good.     Even  if  a 

better  system  of  disposing  of  our  refuse  should  he  ultimately  adopted, 

It  cannot  but  be  of  immense  advantage  to  have  our  towns  drained  as 

they  are.     What  you  may  choose  to  send  down  your  drains  is  quite  a 

different  question,   which   must  stand  on   its  own   merits.     You  will 

recollect  that  the  recent  outbreak  of  cholera  in  the  province  of  Valencia, 

JD  Spain,  was  attributed  to  the  sewage  of  a  country  town  (whose  name 

I  forget)  being  allowed  to  run  down  an  open  ditch  in  the  middle  of  the 
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main  street.  Here,  in  Newcastle,  we  carefully  cover  up  the  drain,  and 
have  openings  at  intervals,  so  that  the  wary  pedestrian  may,  if  he  choose, 
dodge  the  noxious  gases.  Moreover,  the  abundant  supply  of  water 
reduces  the  danger  to  a  minimum.  I  have  myself  seen  in  a  Polish 
village  a  proper  heap  of  manure  at  the  front  door  of  every  cottage,  but 
in  Newcastle  we  remove  the  refuse  to  the  hack  of  each  house  and  place 
it  in  a  midden  and  construct  a  back  street  (dear  to  the  amorous  Phyllis, 
if  to  no  one  else)  so  as  to  be  able  to  cart  it  away  when  there  is  a 
sufficient  accumulation.  The  able  engineer,  Mr.  W.  Geo.  Laws,  who 
now  looks  after  these  matters  in  our  city,  is,  I  believe,  most  anxious  to 
introduce  a  better  system,  and  has  partially  done  so  already.  He  has 
also  furnished  a  destructor  for  getting  rid  of  the  refuse  by  fire.  Some 
theologians  are  instant  to  remind  us  that  refuse  of  another  kind  will 
ultimately  be  subjected  to  the  same  powerful  agency.  I  have  it  on  his 
authority  that  the  ai'ea  of  these  back  streets  in  Newcastle  alone  amounts 
to  over  60  acres,  and  a  very  simple  calculation  will  show  that  the  cost 
of  making  them  must  have  amounted  to  from  £50,000  to  £100,000. 
If  only  the  money  had  been  spent  in  planting  our  streets  with  trees ! 
As  regards  trees  there  is  probably  a  sufficient  width  in  our  less  frequented 
streets  for  a  row  of  trees  down  the  middle.  It  is  understood,  however, 
that  our  Town  Improvement  Committee  far  from  considering  the  plant- 
ing of  trees  to  be  a  duty,  are  rather  haunted  with  the  fear  of  being  made 
responsible  should  some  fool  or  drunkard  injure  himself  by  running 
against  them. 

The  whole  system  of  removing  night-soil  merits  close  study.  Dr. 
Wilson,  of  Wallsend,  has  introduced  a  plan  which  is  very  well  spoken  of, 
and  which  seems  at  least  a  step  in  the  right  direction.  The  system  of 
Mr.  Moule  has  never  made  the  progress  it  might  have  done,  because  his 
appliances  have  not  been  designed  by  a  mechanical  engineer,  and  very 
soon  begin  to  give  trouble.  The  town  of  Rochdale,  in  Lancashire,  has 
adopted  a  system  for  which  extraordinary  results  are  claimed.  I  have 
before  me  a  report,  in  which  it  is  stated  that  in  consequence  of  the  new 
method  the  death-rate  has  been  reduced  from  26  per  thousand  per 
annum  to  19,  and  an  annual  saving  is  claimed  of  £36,000,  and  this  in 
a  population  of  a  little  over  70,000.  Apply  these  figures,  please,  to  the 
population — one  quarter  of  a  million — of  Newcastle  and  Gateshead,  all 
ye  who  wish  to  reduce  the  rates. 

These  questions  are  to  my  mind  eminently  questions  for  engineers, 
and  equally  so  is  the  laying  out  of  streets.  No  street  can  be  beautiful 
that  is  a  straight  line;  all  the  streets  known  in  the  world  for  their  beauty 
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have  a  bend  or  a  curve.  We  may  proudly  instance  our  own  Grey  Street. 
The  Boulevards  in  Paris,  the  Ring  in  Vienna,  and  even  Regent  Street  in 
London,  are  equally  instances  to  the  point.  The  historian  of  New  York 
infonns  us  that  the  streets  of  that  city  were  laid  out  by  the  cows,  which 
animals  certainly  had  a  better  eye  for  beauty  than  the  authors  of  the 
chequer  board  system  now  so  much  in  favour  in  America.  This  is  a 
system  which  has  the  practical  inconvenience,  moreover,  that  to  get  from 
the  comer  of  the  board  to  the  centre,  each  successive  zig-zag  added  up  will 
equal  in  distance  the  full  length  of  one  side  of  the  square. 

In  one  respect,  however,  the  Americans  are  before  us.  From  very 
early  times — in  fact,  from  the  date  of  William  Penn — they  have  been 
careful  to  lay  out  what  we  may  term  "  limits  of  deviation,"  and  no  builder 
has  a  right  to  build  upon  ground  thus  dedicated  as  a  pubUc  thoroughfare 
of  the  future.  It  would  seem  that  there  is  a  need  for  some  legislation  on 
this  head  in  England,  so  as  to  give  larger  powers  to  the  municipal 
authorities.  Under  the  present  system,  even  wide  streets  laid  out  by  our 
forefothers  are  encroached  upon  and  spoiled.  I  would  instance  the  great 
boulevard  of  London  known  as  the  City,  the  Euston  and  tke  Marylebone 
Scads,  where  the  original  width  is  being  gradually  and  lamentably  en- 
croached upon;  and  to  those  of  you  who  know  Newcastle,  I  need  only 
mention,  as  deplorable  instances  of  want  of  foresight  and  of  wasted  money, 
Westgate  Hill  and  the  Scotswood  Road,  near  the  Elswick  works.  A 
width  sufficient  for  an  ordinary  street  is  far  too  little  for  a  main  thorough- 
fare, and  doubly  so  if  tram  lines  have  to  be  laid. 

But  you  will  say  what  has  the  planting  of  trees  to  do  with  engineer- 
lug  ?  The  answer  may  be  given  in  another  question — what  is  the  use  of 
planting  trees,  if  our  engineers  kill  them  with  their  smoke  ?  And  this 
brings  us  back  to  the  point  that  no  one  can  thoroughly  know  his  subject 
unl^s  he  studies  also  subjects  kindred  to  it.  Seventeen  years  ago  liord 
Armstrong  (and  can  I  quote  a  higher  authority  ?)  said,  in  the  hearing  of 
many  of  us — for  it  was  when  President  of  the  British  Association — that  he 
could  state  with  perfect  confidence,  from  the  result  of  experiments  made 
in  conjunction  with  Mr.  Longridge  and  the  late  Dr.  Thomas  Richardson, 
that  80  far  as  the  raising  of  steam  is  concerned,  the  pi'oduction  of  smoke 
is  unnecessary  and  inexcusable.  Since  that  time,  I  ask  you,  what  is  the 
progress  which  has  been  made  ?  Go  and  stand  on  the  top  of  any  neigh- 
bouring eminence  when  there  is  an  easterly  breeze,  and  watch  the  great 
Volume  of  smoke  which  rolls  up  the  valley  of  the  Tyne;  or  travel  from 
Liverpool  to  Leeds  by  the  Lancashire  and  Yorkshire  Railway  on  a  fine 
^mmer's  day,  and  mark  the  smoke  from  the  unending  chimneys,  and  the 
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grimy  black  pall  which  hangs  like  the  trail  of  the  serpent  over  the  lovely 
valleys  of  the  Pennine  range.  Can  nothing  be  done  to  remove  this  grimy 
cloud,  which  blackens  our  bodies  and  depresses  our  minds  ?  Yes,  I  think 
there  is  hope,  and  in  several  directions  which  I  will  indicate,  if  you  grant 
me  so  much  patience. 

What  Lord  Armstrong  referred  to  was,  I  presume,  the  more  perfect 
combustion  of  the  carbon  of  the  coal,  for  smoke  itself  may  be  considered 
to  be  unconsumed  carbon.  But  when  this  has  been  done,  we  are  fer  from 
having  cured  the  whole  evil.  Most  of  you  will  know  how  grievously  all 
vegetation  used  to  suffer  from  the  fumes  of  the  alkali  works;  but  in  the 
last  few  years,  partly  owing  to  the  sad  decadence  of  that  industry  and 
partly  to  the  more  stringent  and  more  scientific  application  of  the  Alkali 
Fumes  Act  by  the  present  Government  Inspector  (Mr.  Alfred  E. 
Fletcher),  we  can  all  of  us  see  that  in  places  out  of  the  actual  hollow  of 
the  Tyne  trees  and  hedges  are  again  beginning  to  grow.  Mr.  Fletcher 
is  convinced  that  by  a  scientific  testing  of  the  gases  as  they  leave  the 
bridge  of  the  furnace  much  can  be  done  to  cure  the  evil,  and  he  has 
formed  a  society  called  the  "  Association  for  Testing  Smoke  Preventing 
Appliances,"  the  object  of  which  will  be  to  test  (and  as  I  understand,  at 
the  expense  of  the  inventor)  all  patented  appliances  for  the  consumption 
of  smoke  which  any  patentee  may  wish  to  have  so  certified.  Many  of  us 
have  had  disappointing  and  costly  experiences  of  patent  bars  and  so  forth, 
and  it  will  clear  the  way  very  much  to  know  from  an  impartial  source 
what  any  given  apparatus  does  and  does  not  do;  and  I  hope  the  associa- 
tion may  receive  a  cordial  support  in  this  district.  When  once  it  can  be 
shown  that  smoke  is  not  really  necessary  in  carrying  on  manufecturing 
operations,  we  may  expect  our  rulers  to  put  in  force  the  laws  already 
existing,  and  to  legislate  further  in  the  same  direction. 

Again,  the  introduction  of  artificial  draught  raises  visions  of  the 
abolition  in  the  future  of  high  chinmeys.  On  board  steamers  at  sea  a 
very  great  desideratum  is  a  good  system  of  mechanical  stoking.  In  the 
steamers  on  the  Russian  coasts,  where  astatki  is  burned,  they  have  no 
need  for  stokers  at  all.  Some  of  you  will  have  read  the  graphic  pictm'e, 
by  Mons.  Alphonse  Daudet,  of  the  life  of  a  stoker  at  sea  in  his  interest- 
ing novel  called  Jack,  The  picture  may,  perhaps,  be  overdrawn ;  but  we 
cannot  doubt  what  an  advantage  it  would  be  to  perform  this  function 
mechanically. 

But  perhaps  the  most  hopeful  direction  of  all  is  in  the  chemical  treat- 
ment. We  know  how  the  heated  nitrogen  and  the  carbon  oxides,  which 
used  to  be  belched  forth  from  the  blast  furnaces,  are  now  used  to  raise 
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steam  in  the  boilers  which  supply  the  blowing  engines;  bat  Mr.  Lndwig 
Mond,  of  the  firm  of  Brunner,  Mond,  <fe  Co. — the  same  who  has  intro- 
daced  the  Solvaj  process  for  making  soda,  and  in  so  doing  has  hit  many 
of  our  friends  so  hard-r-has,  as  I  understand,  gone  much  further.  He 
bums  his  coal  with  artificial  draught,  and  conveying  the  gases  into  a 
chamber,  he  washes  them  with  water  spray,  which  causes  every  particle 
of  soot  or  smoke  to  be  deposited,  and  at  the  same  time  condenses  and 
recovers  the  ammonia  (a  product  of  nitrogen  and  hydrogen)  as  well  as 
the  sulphurous  fumes.  I  trust  I  have  not  misunderstood  Mr.  Mond's 
figures;  but  I  gather  that,  to  get  an  equal  efficiency  of  steam-raising 
power,  he  has  to  burn  125  tons  of  coal  in  place  of  100  tons,  and  for  every 
125  tons  of  coal  burned  he  recovers  4  tons  of  sulphate  of  ammonia.  The 
fuel,  if  cheap  (say  5s.  a  ton),  will  cost  £31,  and  the  sulphate  of  ammonia, 
at  £12  a  ton,  is  worth  £48.  If  results  such  as  these  can  be  attained  the 
doom  of  smoke  is  sealed  ! 

The  late  Sir  William  Siemens  approached  the  question  from  the  same 
point  of  view,  and  showed  that  if  coal  were  freed  from  its  bye-products  it 
would  be  a  better  fuel  as  a  fuel,  and  the  bye-products  themselves  would 
be  worth  twice  as  much  as  the  original  cost  of  the  coal.  I  will  not  weary 
you  by  going  over  his  methods,  but  would  remark  en  passant  that  the 
introduction  of  electric  lighting  and  the  spread  of  cooking  by  gas  and  by 
petroleum  are  every  day  making  the  application  of  these  methods  more 
feasible. 

I  am  pleased  to  see  that  we  shall  have  a  paper  during  the  session  on 
some  points  connected  with  electricity,  and  I  trust  that  the  author  will 
treat  of  the  sources  from  which  it  may  be  derived.     The  present  round- 
about system  whereby  the  coal  is  first  wastefully  burned  to  cause  heat, 
and  the  heat  applied  to  raise  steam,  and  the  steam  uneconomically  applied 
to  drive  an  engine,  which  in  its  turn  causes  a  dynamo  to  revolve,  evi- 
dently leaves  great  scope  for  invention.    Perhaps  the  weakness  of  accident 
may  be  strong  where  the  strength  of  design  is  weak.     It  is  generally 
considered  that  electricity  may  be  generated  by  the  oxidisation  of  an 
electro-negative  in  the  presence  of  an  electro-positive.     Now,  carbon  is 
positive  to  all  other  known  substances;  and  carbon  is  being  oxidised — 
that  is,  consumed — every  day  and  everywhere.     It  is  imagined  by  many 
that  some  day  a  substance  electro-positive  to  carbon  may  be  found,  and 
that  then  we  shall  have  solved  the  problem  of  producing  electricity  eco- 
nomically.   In  the  meantime,  Mr.  Mond,  in  condensing  his  ammonia  as 
above  described,  has  found  that  he  can  so  manipulate  the  gases  along 
with  platinum  as  to  form  a  very  powerful  battery.    Time  and  ray  own 
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ignorance  forbid  further  notice  of  this,  except  to  refer  to  the  brilliant 
experiments  of  Lord  Armstrong  more  than  forty  years  ago,  when  he 
evolved  electricity  by  causing  steam  to  impinge  upon  different  metals. 

In  connection  with  sanitary  legislation  may  I  notice  the  great 
attention  paid  to  the  ventilation  of  public  buildings  and  private  rooms. 
Probably  it  will  be  found  that  there  is  good  ground  for  the  prevalent 
belief  that  the  fresh  air  should  always  be  brought  in  at  the  top,  and  the 
foul  air  taken  out  at  the  bottom  of  the  room.  At  least  I  know  no  more 
comfortable  plan  than  an  open  fire  and  either  the  window  opened  half  an 
inch  at  the  top,  or  the  adoption  of  what  are  called  Tobin's  tubes.  The 
open  fire  and  its  chimney  form  the  upcast  shaft  drawing  the  air  from  the 
bottom  of  the  room.  For  rooms  such  as  that  in  which  we  now,  by  the 
liberality  of  the  Literary  and  Philosophical  Society,  are  holding  our 
meetings,  and  which  enjoys  an  unenviable  notoriety  for  bad  ventilation, 
it  will  always  be  difficult  to  make  any  satisfactory  arrangement  on  account 
of  the  want  of  height ;  but  I  trust  that  a  crude  scheme  which  has  been 
proposed  to  cause  air,  by  means  of  a  fan,  to  come  in  from  under  the 
seats  will  not  be  adopted  without  the  most  careful  pre-consideration. 

The  supply  of  pure  water  to  our  large  towns  has  been  making  good 
progress,  and  the  towns  in  this  district  are  in  a  fairly  satisfactory  con- 
dition. It  is  the  abundance  of  our  water  supply  which  alone  makes  our 
system  of  removing  night-soil  endurable.  The  great  works  for  taking 
the  water  of  Thirlemere  to  Manchester,  and  the  water  from  the  head 
sources  of  the  Severn  to  Liverpool,  are  making  rapid  progress  towards 
completion.  Many  of  you  doubtless  have  admired  the  good  taste  of  the 
architectural  features  of  the  great  reservoir  in  Wales.  London  in  the 
meantime  contents  itself  with  water  pumped  from  the  Thames  and  from 
the  gravel,  along  with  the  water  brought  by  Sir  Hugh  Myddleton  270 
years  ago  from  the  great  Chadwell  spring,  which  rises  in  the  meadows 
between  Hertford  and  Ware.  It  may  be  interesting  here  to  note  that 
the  annual  dividends  of  Myddleton's  Company  have  gradually  risen  from 
£16  to  £380,000  ! 

The  valuable  project  of  the  late  E.  S.  Newall  to  bring  the  water  of 
Ulleswater  to  Newcastle  is  still  looked  forward  to  by  some.  By  the 
kindness  of  Mrs.  Newall  I  have  here  the  plans  which  he  prepared,  and 
which  some  of  you  may  care  to  examine.  At  the  other  end  of  Europe 
the  modern  Athenians,  finding  that  to  ensure  a  full  supply  of  water 
daring  the  summer  months  they  must  seek  it  from  the  eternal  snows,  are 
preparing  to  construct  an  aqiiednct  from  the  Lake  Stymphalos,  near  the 
centre  of  the  Peloponnesus.  The  distance  is  nearly  70  miles,  and  it  is  an 
ambitious  work  for  so  poor  a  country. 
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The  construction  of  canals  has  recently  attracted  a  ^at  deal  of 
attention.  The  great  snccess — the  extraordinary  success — of  the  Suez 
Canal,  the  construction  of  which  is  due  to  the  talents,  the  energy,  and 
the  perseverance  of  Mons.  Ferdinand  de  Lesseps,  makes  us  regret  all  the 
more  thefitisco  of  the  Panama  Canal.  The  Panama  Canal  will  probably 
not  be  completed  at  least  in  the  lifetime  of  most  of  us.  Although 
perhaps  one-half  of  the  way  has  been  pierced,  two  great  obstacles  remain, 
towards  the  removal  of  which  but  little  has  yet  been  done.  The  one  is 
the  dredging  of  a  channel  from  the  Panama  shore  out  to  the  deep  waters 
of  the  Pacific,  a  work  in  itself  perhaps  as  great  as  the  dredging  out  of  the 
Tyne  from  Tynemouth  Bar  to  Blaydon,  and  we  all  know  what  that  has 
cost  in  time  and  money.  The  other  is  the  cutting  through  of  the  Culebra 
Hill.  If  you  will  start  from  the  Quayside  of  Newcastle  and  walk  up 
Westgate  Hill,  along  the  military  road  made  last  century  by  General 
Wade  (the  "judicious"  Wade,  he  who  destroyed  the  Roman  Wall  in 
order  to  make  a  foundation  for  his  road),  and  if  you  will  keep  on  to  the 
reservoir  at  the  crest  of  the  hill,  near  to  the  residence  of  Mr.  John  W. 
Pease,  and  then  walk  on  down  the  hill  to  the  Denton  Bum,  you  will 
have  gone  over  just  about  the  distance  of  the  Culebra  Hill  cutting,  and 
win  have  mounted  to  within  10  feet  of  its  height.  As  the  ground  at  the 
Isthmus  is  treacherous,  the  slopes  must  in  consequence  be  very  wide,  so 
that  the  amount  of  excavation  will  be  enormous.  Indeed  some  engineers 
have  maintained  that  it  would  be  better  to  attempt  a  huge  tunnel.  If, 
however,  a  tunnel  were  even  practicable,  it  would  hardly  be  risked  in  a 
region  where  earthquakes  are  so  prevalent ;  and  probably  a  system  of 
locks  will  have  to  be  resorted  to. 

In  connection  with  Mons.  Ferdinand  de  Lesseps,  I  feel  bound  to  take 
this  opportunity  of  referring  to  a  difference  of  opinion  between  myself 
and  my  very  old  friend,  Mr.  Jeremiah  Head,  because  the  matter  has  been 
made  public  by  appearing  in  the  Transactions  of  the  Cleveland  Institute 
of  Engineers,  In  the  correspondence  referred  to  I  stated  that  our  great 
fellow  townsman,  the  late  Robert  Stephenson,  had  admitted  the  feasibility 
of  making  the  Suez  Canal,  but  only  doubted  whether  it  would  pay  an 
adequate  dividend,  because  sailing  ships  would  never  use  the  canal,  and 
in  his  time  cargoes  were  transported  in  sailing  vessels  almost  exclusively. 
Mr.  Head  on  the  other  iiand  maintained  that  Robert  Stephenson  went 
much  further  than  this.  After  reading  various  matter  which,  by  the 
courtesy  of  Mr.  James  Forrest,  the  Secretary  to  the  Institute  of  Civil 
Engineers,  has  been  kindly  put  at  my  disposition  I  am  bound  to  admit 
the  substantial  accuracy  of  my  friend  Mr.  Head's  contention. 

vol*.  vn.~i880.  ^ 
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Mr.  Forrest  has.  been  so  good  as  to  write  for  me  to  an  old  friend  of 
Robert  Stephenson's,  Mr.  B.  P.  Stockman,  who,  in  an  interesting  letter, 
sums  up  the  matter  thus: — 

"  The  opinion  of  Robert  Stephenson  was  that  the  necessity  (admitted 
by  his  colleagues)  of  a  difference  of  level  between  the  Mediterranean  Sea 
and  the  Red  Sea,  sufficient  to  afford  a  natural  scour^  was  of  paramount 
importance,  that  without  it  the  canal,  if  cut,  would  silt  up,  and  get 
choked  with  sand,  that  vessels  would  ground,  and  in  fact  it  would  be 
like  a  stagnant  ditch,  unless  at  an  enormous  cost  it  were  artificially 
cleared  by  constant  dredging  or  other  processes." 

Mr.  Stockman  adds: — 

"  That  these  predictions  have  been  fulfilled  the  account  of  the  early 
opening  of  the  canal  will  show.  How  the  difficulty  has  since  been  over- 
come is  another  matter." 

But  if  the  Panama  Canal  is,  for  the  time  being,  a  failure,  there  is 
better  hope  for  the  Nicaraguan  Canal,  which  our  American  cousins  are 
attacking  with  their  accustomed  energy.  I  don't  know  where  you  will 
find  a  better  account  of  the  country  to  be  traversed  by  this  canal  than  in 
a  very  charming  book,  written  many  years  ago  by  a  late  fellow  citizen, 
Belfs  Natural  History  of  Nicaragua,  It  is  a  route  with  good  approaches 
from  the  sea  at  both  ends,  a  river  (easy  to  be  canalised)  or  a  lake  for  the 
greater  part  of  the  distance,  and  for  the  rest,  solid  rock,  with  an  abundant 
supply  of  water.  It  is  intended,  I  believe,  to  have  five  locks  of  a  novel 
construction.  Instead  of  gates  there  will  be  huge  caissons,  which  wiU 
be  drawn  back  (after  being  partly  floated)  on  rollers  into  recesses  at  the 
sides.  There  appears  to  be  no  good  reason  against  making  the  lift  of 
each  lock  60  feet  or  60  feet,  or  even  more,  for  there  is  practically  no 
limit  to  the  strength  of  the  caisson.  The  Americans  have  also  an 
ingenious  scheme  for  saving  the  water  for  the  locks  in  case  of  any 
scarcity,  by  allowing  it  to  run  into  successive  trays  or  reservoirs  in  steps 
of  10  feet  each,  so  that  if  there  be  ten  steps  not  more  than  one-twentieth 
of  the  water  need  be  run  to  waste. 

There  was  another  scheme  for  crossing  the  Isthmus  at  Tehuantepec — 
that  of  the  late  Captain  Eads,  the  well-known  engineer  of  the  St.  Louis 
Bridge  and  of  the  Mississippi  Bar,  and  although  that  has  not  been  carried 
out  yet,  the  principle  is  being  applied  in  the  ship  railway  across  the 
Isthmus  of  Chignecto,  at  the  head  of  the  Bay  of  Fundy.  So  even  the 
Acadian  land  "  by  the  shores  of  the  basin  of  Minas  "  is  to  be  invaded  by 
the  modem  engineer.  Does  not  such  a  project,  which  is  far  advanced 
already,  recall  the  line  of  Horace — 

"  Trahunt  que  siccas  machinae  carinas?*' 
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Another  development  of  canal  engineering  is  the  system  adopted  by 
Messrs  Clark  &  Standfield  in  Belgium,  where  they  lift  a  section  of  the 
canal  itself,  with  the  barges  floating  in  it,  by  hydraulic  presses,  from  one 
level  to  another.  I  am  informed  that  at  one  place  they  do  in  one  lift 
what  formerly  required  fourteen  locks. 

It  is  well  known  that  the  older  canals  in  Great  Britain  have  proved 
very  profitable  undertakings,  and  doubtless  a  great  deal  can  be  done  to 
render  them  yet  more  efficient.  The  system  of  discharging  barges  en  bloc 
into  steamers,  adopted  by  Mr.  Bartholomew  at  Goole,  will  be  familiar  to 
most  of  ns,  and  it  is  probable  that  horse  traction  will  sooner  or  later  be 
replaced  by  steam  or  by  electricity.  If  this  be  attempted,  it  is  thought 
that  it  will  be  found  advisable  to  limit  the  speed  to  something  very  little 
higher  than  that  attained  by  horses,  on  account  of  the  destruction  of  the 
banks. 

The  Manchester  Ship  Canal  is  mpidly  approaching  completion,  and 
steamers  have  already  been  built  with  masts  arranged  to  go  under  the 
bridges.  The  works  on  the  Isthmus  of  Corinth  Canal  which  had  been 
abandoned  when  I  visited  them  last  year  are  now  recommenced,  and 
the  canal  which  is  to  unite  the  Baltic  with  the  German  Ocean  is  making 
good  progress.  The  Birmingham  people  are  also  projecting  a  ship  canal 
to  the  sea ;  and  who  knows  but  that  the  scheme  of  our  colleague, 
Mr.  Andrew  LesUe,  of  joining  the  Irish  Sea  to  the  German  Ocean  may 
not  yet  be  realised? 

Now,  all  these  schemes  are  bright  tokens  of  the  development  of  our 
civilisation.  There  is  nothing  material  which  tends  to  progress  so  much 
as  the  making  of  roads.  The  late  Richard  Cobden  attributed  the  back- 
wardness of  Ireland  partly  at  least  to  its  never  having  been  conquered 
by  the  Romans,  and  to  the  absence  of  Roman  roads.  In  our  days  we 
seek  to  pierce  the  land  with  water,  and  to  cross  the  water  by  bridges. 
The  Forth  Bridge  and  the  great  Suspension  Bridge  at  New  York  must 
be  named  as  the  greatest  works  of  their  kind  in  this,  or  in  any  age. 
The  designs  of  both  have  been  subject  to  some  adverse  criticism,  but 
we  may  very  well  wait  till  the  critics  do  any  thing  better,  or  so  good. 

It  is  pleasing  to  note  in  bridges  of  less  ambitious  span  a  tendency  to 
employ  stone  and  bricks  more  than  iron  girders,  and  as  this  construction 
spreads,  we  shall,  doubtless,  find  our  engineers  recognising  the  superiority 
of  stone  voussoirs  over  the  readier  and  cheaper,  but  far  inferior  brick. 
If  you  will  look  underneath  the  arches  of  the  viaduct  which  crosses  the 
Newcastle  road  at  Durham  you  will  see  evidences  of  this. 

Besides  bridges,  we  have  been  made  familiar  with  extraordinary 
tunnels.     The  Mont  Cenis  and  the  St.  Gothard  tunnels  are  probably  the 
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precursors  of  maoj  others.  Railway  trains  now  go  under  both  the 
Bristol  Channel  and  the  estuary  of  the  Mersey,  while  Sir  Edward  Watkin 
proposes  to  bake  us  right  under  the  Irish  Sea  and  the  English  Channel. 
The  latter  project  stands  in  abeyance  from  political  reasons,  and  while 
it  stands  in  abeyance  some  schemes  for  carrying  whole  trains  across  the 
Channel,  according  to  the  system  so  largely  adopted  in  Denmark,  have 
been  allowed  to  drop.  My  own  firm  has  built  steamers  for  carrying 
trains  both  for  Denmark  and  for  Prussia,  and  in  both  countries  the 
system  has  been  very  successful.  Those  of  you  who  have  crossed  irom 
Folkestone  to  Boulogne  must  have  noticed  how  admirably  the  system 
works  of  lifting  the  whole  top  of  the  passenger  luggage  vans  on  board 
of  the  steamers,  and  then  transferring  it  without  unpacking  on  to  the 
train  for  Paris,  and,  granted  that  good  harbours  are  made,  there  seems 
no  reason  why  goods  trains,  and  even  passenger  ti-ains,  should  not  be 
carried  across  on  the  deck  of  powerful  steamers. 

In  marine  engineering  progress  has  been  steady,  even  if  slow. 
Thirty  years  ago  although  the  scope  of  Watt's  great  improvements  was 
understood,  and  although  the  compound  engine  had  been  introduced  by 
WoolfT,  yet  so  it  was,  that  but  little  attention  was  paid  to  anything  but 
mechanical  contrivances.  It  was  known  that  heat  and  force  are  strictly 
correlative,  but  it  is  only  step  by  step  that  this  knowledge  has  been 
applied.  As  has  often  been  the  case  before,  I  think  two  popular  works, 
viz.,  Professor  TyndalFs  lectures  on  "  Heat  as  a  mode  of  motion  "  and 
the  late  Professor  Clerk  Maxwell's  charmingly  written  work  on  the 
Theory  of  Heat,  have  had  much  to  do  in  familiarising  and  bringing 
home  to  the  minds  of  all,  truths  which  though  admitted  had  been 
largely  neglected.  James  Watt  saw  the  waste  of  heat  involved  in  use- 
lessly at  every  stroke  heating  the  cylinder  by  steam  and  cooling  it  by  the 
condensing  water,  and  he  showed  us  how  to  condense  the  steam  in  a 
separate  vessel.  Quite  recently  we  have  come  to  realise  the  loss  of  heat 
arising  from  admitting  the  steam  into  a  cylinder  which  had  previously 
been  cooled  by  allowing  the  steam  to  expand  to  a  lower  temperature, 
that  is,  to  a  lower  pressure.  Hence,  the  steam  has  been  expanded  in 
stages  of  two  cylinders,  and  later  in  three  cylinders,  with  a  very  marked 
economy.    Along  with  this,  higher  pressures  have  been  used. 

There  is  no  manner  of  doubt  that  a  great  economy  must  follow  the 
adoption  of  four  cylinders,  and  that  they  will  come  into  use  so  soon  as 
they  can  be  arranged  without  undue  complication,  with  a  ready  accessi- 
bility of  parts,  and  without  any  great  increase  of  weight  or  space  ;  and  I 
may  say  parenthetically,  that  my  friend  and  partner,  Mr.  John  Tweedy, 
claims  to  have  succeeded  in  fulfilling  all  these  conditions. 
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These  considerations  are  bat  another  instance  of  what  I  started  by 
saying  that  the  engineer  cannot  afford  to  neglect  any  of  the  cognate 
sciences. 

Still  further  to  avoid  the  loss  of  heat,  Professor  Kennedy,  late  of 
TTniversity  College,  London,  has  proposed  to  coat  the  internal  surfaces  of 
steam  cylinders,  or  at  least  those  parts  of  them  which  are  not  exposed  to 
wear,  ¥rith  some  substance  which  shall  have  less  conductivity  than  cast 
iron.  He  anticipates  a  very  great  diminution  of  condensation.  In  a 
popular  way  we  may  compare  this  with  the  coating  of  the  internal  iron- 
work of  a  ship  with  cork  paint,  which  is  known  to  prevent  to  a  very 
great  extent  the  condensation  of  the  moist  vapours. 

liPhen  all  is  done,  however,  we  still  lose  from  80  to  90  per  cent,  of 
the  power  of  the  coal  which  we  burn.  Whether  we  should  be  humiliated 
by  our  want  of  success,  or  consider  that  this  is  all  part  of  the  lavish 
expenditure  which  seems  to  characterise  the  works  of  the  Great  Master  of 
all,  who  shall  say  ?  When  we  reflect,  for  example,  on  the  innumerable 
seeds  for  the  propagation  of  animal  and  of  vegetable  life,  and  how  great 
a  proportion  of  them  seem  to  be  wasted,  or  look  at  the  vast  satellite 
which,  as  far  as  we  know,  is  an  otherwise  useless  volcanic  mass^  and 
serves  only  as  a  lamp  to  light  up  our  earth  when  the  san  is  below  the 
horizon,  we  may  well  say  "  such  knowledge  is  too  wonderful  for  us." 

I  asked  a  young  Cambridge  friend  to  report  on  the  relative  economy 
of  gas  engines  and  steam  engines ;  and  if  I  rightly  understand  his  figures, 
it  would  seem  the  presence  of  four  parts  of  nitrogen  to  one  part  of 
oxygen  in  the  atmosphere  has  some  resemblance  to  the  well-known 
difficulty  of  latent  heat,  and  in  somewhat  the  same  proportions.  Still,  if 
the  theoretic  economy  is,  off  and  on,  not  far  different  from  that  of  steam, 
there  should  be  a  great  future  for  gas  engines,  considering  that  you  save 
stokers,  boilers,  boiler  seatings,  and  chimneys,  and  in  fact  you  can  turn 
a  tap  and  go  ahead,  just  as  if  you  were  going  to  light  a  gas  jet.  On  the 
other  hand,  there  is  the  difficulty  in  starting,  for  a  revolution  and  a  half 
must  be  made  before  the  gas  engine  will  work,  and  also  the  motion  is 
much  less  regular.  There  would  seem  to  be  a  need  for  a  vessel  separate 
from  the  cylinder  in  which  to  accumulate  the  pressure,  and  the  need  once 
pointed  out,  the  contrivance  to  effect  it  will  probably  sooner  or  later  be 
hit  upon.  From  the  point  of  view  of  absence  from  smoke  the  gas  engine 
and  the  petroleum  engine  are  to  be  cordially  welcomed. 

How  many  of  you  can  remember,  as  I  can,  going  to  Edinburgh  by 
coach,  or  can  recollect  the  old  wooden  station  at  the  foot  of  Rye  Hill, 
where  we  used  to  take  tickets  for  Carlisle,  and  which  is  now  removed  to 
a  part  of  Gateshead,  and  converted  into  dwelling  houses  !     Our  Central 
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Station,  designed  by  John  Dobson  the  architect,  though  one  of  the 
earliest  of  our  railway  stations,  is  still  one  of  the  most  satisfactory,  and 
has  served  as  the  model  and  type  for  one  of  the  most  recent  of  our  great 
stations — that  outside  the  walls  of  the  ancient  city  of  York. 

Thus  in  one  short  lifetime  the  railway  interest  has  become  one  of  the 
most  important  existing,  but  whether  as  regards  the  permanent  way  or 
the  locomotive  there  has  been  but  little  in  the  way  of  radical  improve- 
ment since  the  days  of  the  Stephensons.  Both  have  been  increased  in 
weight  and  perfected  in  details,  and  the  material  of  the  rails  is  made  from 
steel  or  ingot  iron,  in  lieu  of  puddled  bars.  Here  again  we  owe  very 
much,  or  almost  all,  to  the  chemist.  The  bogie  locomotive  has  been 
largely  introduced,  and  on  two  of  our  main  railway  systems,  namely,  the 
North-Eastern  and  the  London  and  North- Western,  the  steam  is  expanded 
through  two  cylinders,  on  what  is  known  as  the  compound  system.  Mr. 
Webb,  at  Crewe,  uses  two  high  pressure  and  one  low  pressure  cylinder, 
working  on  different  crank  axles,  which,  by  the  way,  are  not  coupled 
together,  but  find  their  own  angle  by  natural  selection  ;  whereas  Mr. 
Worsdell,  at  Gateshead,  uses  only  one  high  pressure  and  one  low  pressure 
cylinder,  both  of  which  work  on  one  and  the  same  axle,  the  cranks  of 
which  are  at  right  angles,  as  in  marine  practice.  I  believe  the  results 
from  both  systems  are  very  satisfectory. 

The  use  of  coal  instead  of  coke  on  our  railways  has  become  general; 
but  it  is  not  clear  that  this  is  altogether  an  unmixed  advantage,  and  our 
district  remains  the  onjy  important  manufacturing  centre  which  is  served 
by  only  one  railway  company. 

The  machine  tools  by  which  our  engines  are  manufactured  are  every 
year  being  perfected;  and  some  of  them,  it  has  been  pleasantly  said,  seem 
to  be  able  to  do  everything  but  think.  It  is  a  matter  of  regret  that  so 
few  of  them  are  made  in  our  own  district.  The  carriage  of  a  heavy 
machine  from  Manchester,  or  Leeds,  or  Glasgow,  comes  to  a  very  respect- 
able percentage  on  its  cost;  and  very  likely,  moreover,  the  gi'eater  part 
of  the  crude  iron  and  steel  employed  in  its  construction  is  taken  from 
Cleveland  to  the  place  of  manufacture.  Further,  the  machine-maker 
ought  to  be  in  close  touch  with  the  user,  so  that  from  every  point  of  view 
we  might  expect  success  to  await  a  manufactory  of  heavy  machine  tools 
if  established  on  the  banks  of  the  Tyne,  the  Wear,  or  the  Tees,  especially 
when  it  is  remembered  that  on  these  three  rivers  is  one  of  the  very  largest 
markets  for  their  sale. 

It  would  not  be  reasonable  to  expect  equal  success  from  the  manufac- 
ture of  textile  machinery,  nor  of  bicycles,  for  instance.  These  latter  aids 
to  locomotion  are  an  exemplification  of  what  may  be  done  by  the  perfec- 
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tion  of  details.  Bicycles  were  in  existence  when  I  was  a  boy;  but  it  is 
only  quite  recently  that  they  have  come  into  general  use,  with  results 
tiiat  are  quite  astonishing.  The  number  made  is  prodigious^  and  has 
raised  up  Coventry  from  its  industrial  depression;  while  the  dear  old 
country  inns,  the  delight  of  our  forefathers  and  the  theme  of  Shenstone, 
are  being  gladdened  by  the  visits  of  the  cyclists  in  search  of  health  and 
relaxation.  A  great  deal  of  the  success  of  the  bicycle  is  due,  I  am  told, 
to  what  is  called  the  ball  joint  or  frictionless  axle-box,  and  it  would  be 
very  interesting  to  have  a  paper  on  this  subject  and  a  discussion  as  to 
how  &r  the  principle  might  be  adapted  to  axles  or  shafts  of  larger  size. 

The  transmission  of  power  from  a  common  centre  to  motors  at  a  dis* 
tance  is  a  question  of  great  interest.  For  a  long  time  the  system  intro- 
duced by  Tiord  Armstrong  of  hydraulic  pressure  held  undisputed  sway, 
and  perhaps  it  is  still  well  in  the  front.  If  any  of  the  staff  of  that  great 
establishment  would  give  us  a  paper  on  the  subject,  it  would  be  very 
welcome.  The  competing  systems  include  compressed  air,  gas,  and  per- 
haps above  all,  electricity.  One  of  the  most  notable  instances  of  trans- 
mitting power  from  a  centre  is  to  be  seen  at  Deptford,  where  M.  S.  Z. 
de  Ferranti  is  building  two  dynamos,  each  with  armatures  42  feet  in 
diameter,  and  each  driven  by  engines  of  over  10,000  indicated  horse- 
power, the  weight  of  each  engine  and  dynamo  complete  being  approxi- 
mately 1,000  tons.  M.  de  Ferranti  has  kindly  sent  me  a  section  of  his 
concentric  tubular  mains,  each  of  which  is  capable  of  taking  2,500  horse- 
power of  electricity.  Thus  four  mains  will  be  required  to  each  10,000 
horse-power  dynamo.  I  will  leave  this  section  at  the  offices  of  our  Insti- 
tution, and  I  think  you  will  agree  that  it  excites  our  surprise  and  merits 
our  close  attention. 

Shipbuilding,  since  the  introduction  of  iron  ships,  has  increased  enor- 
mously in  our  country;  so  much  so  as  to  be  the  envy  of  our  neighbours, 
some  of  whom  have  attempted,  by  bounties  and  other  fiscal  measures,  to 
induce  their  own  subjects  to  build  their  ships  at  home.  In  the  details  of 
construction  there  has  not  been  much  radical  advance  in  recent  years. 
Steel — i,e,,  iron  made  from  ingots — has  replaced  the  puddled  material  in 
the  majority  of  cases,  and  water-tight  double  bottoms  have  added  con- 
siderably to  the  safety  and  at  the  same  time  to  the  usefulness  of  the 
steamer.  Most  of  the  vessels  built  in  this  country  are  classed  at  Lloyd's, 
and  the  apportionment  of  the  material  is  regulated  by  their  rules,  which, 
it  cannot  be  too  often  repeated,  are  unfortunately  and  unintentionally  a 
premium  on  inferior  models.  Lloyd's  rules  for  the  framing,  etc.,  of  a 
ship  are  approximately  based  on  the  girth  of  the  midship  section  measured 


82  INAUGURAL    ADDRESS. 

up  fo  the  deck,  with  some  handicapping  in  favour  of  square  bilges,  while 
the  plating,  etc.,  is  regulated  by  an  approximation  to  the  sur/a/'e,  also 
measured  to  the  deck,  and  also  subject  to  handicapping  in  favour  of  models 
of  box-like  form.  The  basis  of  these  regulations  is  bad  enough  in  itself, 
and  it  is  made  worse  by  the  action  of  our  Government,  which  fixes  upon 
a  maximum  load-line  beyond  which  British  shipowners  cannot  load  their 
vessels.  This  restriction  does  not  apply  to  foreign  steamere,  not  even 
when  they  load  in  British  ports.  In  my  position  I  cannot  very  well  say 
all  that  I  know  about  foreign  steamers  and  their  loading;  bnt  that  they 
do  load  deeper  than  the  regulation  load-line  is  a  matter  of  notoriety.  We 
cannot  doubt  but  that  our  shipbuilding  colleagues  who  have  been  elected 
to  the  sub-committee  of  Lloyd's  will  take  this  matter  up,  and  see  that  it 
is  put  right — so  fe,r,  at  least,  as  Lloyd's  are  able  to  put  it  right.  What 
I  personally  have  always  contended  for  is,  that  the  load-line  should  be  a 
condition  of  the  classification,  as  it  is  now  with  awning-decked  steamers, 
and  that  if  scantlings  are  to  be  based  on  the  girth  and  the  surface,  that 
the  girth  and  the  surfoce  respectively  should  be  taken  to  the  load  water- 
line  and  not  to  the  deck,  and  that  then  what  are  called  the  numerals 
should  be  adjusted  accordingly. 

In  naval  architecture,  as  a  branch  distinct  from  ship  construction, 
we  may  note  the  improved  system  of  testing  by  weight  the  initial  stability 
of  vessels,  and  the  clearer  views  on  what  constitutes  the  resistance  of  a 
ship  propelled  through  the  water.  Thirty  years  ago,  the  idea  was  pre- 
valent that  the  resistance  is  due  to  the  cleavage  of  the  water,  as  if  the 
ship  were  a  wedge.  Extreme  importance  was  attached  to  the  angle  of 
the  entrance  and  stern  lines  and  to  their  exact  curve,  and  a  narrow  beam 
was  regarded  as  essential  to  speed.  But,  recently,  owing  to  the  investi- 
gations of  the  late  Professor  Macquorn  Rankine,  and  to  the  experiments 
of  the  late  William  Froude,  and  to  the  clear  expositions  in  his  Manual  of 
Naval  Architecture  by  Mr.  W.  H.  White,  the  Director-in-Ohief  of  Naval 
Construction,  and  a  member  of  our  Institution,  it  has  been  admitted  that 
for  slow  speeds,  say,  for  ordinary  mercantile  speeds,  and  in  smooth  water 
the  resistance  varies  approximately  as  the  surface,  provided  always  that 
the  surfaces  in  two  cases  are  equally  smooth,  for  a  very  slight  degree  of 
fouling  will  increase  the  resistance  most  materially.  Now,  to  all  who 
have  any  knowledge  of  mathematics,  it  will  be  evident  that  for  similar 
forms  the  commonly  received  expression  D'  where  D  stands  for  the  dis- 
placement, means  nothing  more  nor  less  than  the  surface,  and  it  is  an 
expression  peculiarly  convenient  to  the  ship  designer,  because,  in  designing 
any  vessel,  the  displacement  is  usually  the  very  first  quantity  which  has 
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to  be  asoertaiiied.  For  this  reason,  it  would  be  convenient  if  Lloyd's 
rules  also  reoocrnised  the  displacement  with  due  reojard  to  the  dimensions, 
as  a  basis  for  scantling,  and  such  a  basis  would  also  be  fairer  to  the  finer- 
modelled  ships.  May  I  repeat  that  this  law  of  resistance  varying  directly 
as  the  surface  is  only  accepted  for  speeds  so  slow  that  no  bow  wave  is 
raised  and  in  smooth  water  only.  In  a  sea-way  the  advantages  both  of 
absolute  length  and  of  relative  length  and  fineness  must  be  granted,  and, 
against  a  head  sea,  the  short  and  stumpy  steamer  makes  but  poor 
prepress. 

The  fact  that  as  you  increase  the  dimension  of  a  vessel,  you  increase 
the  displacement  as  the  cube  of  the  dimension,  and  the  resistance  as  the 
square  only,  throws  a  light  on  the  satisfactory  speed  results  attained  by 
large  steamers. 

As  regards  resistances  at  high  speeds,  there  is  by  no  means  so  clear  a 
view ;  and  the  Admiralty,  and  also  Messra.  Denny,  of  Dumbarton,  test  the 
resistances  by  models  in  tanks,  according  to  the  method  of  the  late 
William  Froude.  This  is  a  costly  and  tedious,  though,  perhaps,  an 
efficient  method,  and  we  can  only  hope  that,  after  some  years  of  experi- 
ence, suflScient  data  will  have  been  arrived  at,  upon  which  to  found  the 
laws  of  resistance  at  high  speeds.  Those  naval  architects  who  have  not 
the  advantage  of  an  experimental  tank  are  reduced,  in  effect,  to  a  guess, 
founded  upon  experience,  of  the  value  of  the  coefficient  applied  to  the 

formala-(^i?Pl?5!E!nfc)L(!P!!4l'  =  indicated  horse-power.     When  all  is 

coefficient 

done,  however,  and  by  whatever  method  the  resistance  may  be  estimated, 

there  is  still  the  further  element  of  uncertainty  arising  from  the  varying 

efficiency  of  the  propeller. 

Twenty-five  years  ago,  there  seemed  every  probability  that  we  should 

adopt  the  decimal  system  of  weights  and  measures,  devised  in  France  at 

the  time  of  their  great  revolution.     The  system  has  been  accepted  by 

most  of  the  Latin  nations  both  in  Europe  and  America,  and  also  by  the 

new  Crerman  Empire.     It  has  not  been  adopted,  however,  either  in  Great 

Britain  or  in  her  colonies,  nor  yet  in  the  United  States,  nor  in  Russia, 

nor,  so  far  as  we  know,  in  China.    The  system  has  much  to  recommend 

it,  especially  for  scientific  calculations,   and  it  gave  some  hope  of  a 

universal,  world-wide,  common  standard,  but  this  is  now  more  likely  to  be 

reached  in  our  own  system,  or  in  a  modification  of  it.    On  the  other  hand, 

there  is  urged  against  the  decimal  system  that  it  is  less  suited  to  the 

ordinary  details  of  daily  life,  and  even  in  France  you  find  that  inches,  and 

pints,  and  pounds,  and  fathoms,  and  feet,  and  leagues,  and  geographical 

VOL.  VIL-1890.  ^ 
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miles  are  still  used  in  conversation  and  in  books  of  general  literature. 
In  Victor  Hugo's  popular  novel,  Les  Miserahles^  I  noticed  that  the 
decimal  weights  and  measures  are  never  once  mentioned.  Certainly  the 
English  always  seem  to  have  a  greater  grasp  of  what  their  units  mean — a 
more  concrete  conception  of  them,  if  such  a  phrase  may  be  permitted.  A 
mile  for  itinerary  measures,  a  yard  for  building  sites,  a  foot  in  shipbuilding 
or  joiner  work,  a  hand  for  horses,  an  inch  for  smaller  measures,  have 
all  a  clear  and  familiar  meaning  in  our  minds. 

Again,  the  decimal  system  would  rivet  tighter  the  chain  of  the 
decimal  notation,  which  is  admittedly  inferior  to  the  duodecimal.  The 
Englishman  who  has  mastered  his  pence  table  has  a  power  in  mental 
arithmetic  which  will  astonish  a  Frenchman.  For  a  similar  reason,  the 
elder  Rothschild,  who  had  been  used  to  the  endless  intricacies  of  the 
old  German  coinages,  used  fairly  to  surprise  the  members  of  the  London 
Stock  Exchange.  From  this  point  of  view  the  contention  of  those  who 
claim  that  the  decimal  system  would  shorten  by  76  per  cent,  the  number  of 
years  necessary  to  learn  arithmetic  falls  entirely  to  the  ground,  and,  in  fact, 
leads  to  an  opposite  conclusion.  This  contention  comes  especially  badly 
from  one  advocate  at  least,  who  is  in  favour  of  keeping  boys  for  years 
in  wearyingly  learning  all  the  intricacies  of  the  Greek  accidence  in  three 
or  four  dialects,  on  the  ground  that  it  is  a  species  of  intellectual 
gymnastics  and  an  incomparable  training  for  the  mind.  From  my  own 
humble  experience  I  could  give  many  instances  of  the  errors  that  I  have 
seen  arise  from  the  use  of  new-fangled  measures,  and  the  most  recent 
occurred  lately  in  my  own  house  where  the  cook  was  ordering  some  new 
pie  dishes,  and  having  got  hold  of  a  yard  measure  with  inches  marked 
on  one  side  and  centimetres  on  the  other,  gravely  ordered  half-a-dozen 
pie  dishes,  37  inches  long !  As  a  matter  of  history  it  is  interesting  to 
record  that  the  only  time  when  the  bill  for  adopting  the  decimal  system 
seemed  to  have  a  chance  of  passing  the  House  of  Commons,  a  pamphlet 
was  circulated  at  the  instance  of  the  society  which  tries  to  prove  that 
the  English  are  the  ten  lost  tribes  of  Israel,  and  which  argued  that  the 
new  system  was  contrary  to  the  Bible.  There  were  plenty  of  members 
in  the  House  who  disliked  change  instinctively,  and  were  as  glad  of  an 
excuse  as  were  the  Tories  in  the  time  of  Queen  Anne  to  avail  themselves 
of  Sacheverell's  sermon  in  order  to  bring  about  an  end  to  the  Continental 
wars. 

One  other  department  of  engineering  for  which  our  city  is  famous, 
namely,  the  manufacture  of  ordnance  I  shall  ask  you  to  excuse  me 
from  entering  upon,  partly  that  I  have  no  knowledge  whatever  of  the 
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sabject,  bat  mainly  because  it  has,  but  the  other  day,  been  so  ably 
treated  at  Leeds  by  Captain  Noble,  who  is  one  of  the  greatest,  if  not 
the  greatest,  living  authority  on  the  subject. 

The  use  of  mathematics  in  our  profession  is  twofold — mathematical 
calcolatioQS  are  as  a  good  tool  in  the  hands  of  the  skilled  workman — 
mathematical  study  enlarges  and  ripens  the  mind.  An  enthusiastic  friend 
of  mine  once  said  to  me  that  when  he  had  passed  through  the  binomial 
theorem  he  felt  as  if  he  had  passed  through  a  tangled  forest  and  reached 
the  brow  of  a  precipice  and  saw  the  "  landscape  below  him,  sun-illumined, 
with  shining  rivers,  and  cities  and  hamlets.*'  Indeed,  it  is  difficult  to 
conceive  any  mind  to  have  been  fully  trained  without  the  study  of 
mathematics.  Mathematical  progress  since  the  times  of  Newton  and 
Leibnitz  has  not  shown,  I  think,  much  radical  change,  and  the  recent 
investigations  into  the  geometry  of  four  dimensions  and  the  square  root 
of  minus  one  have  not  as  yet  given  results  immediately  applicable  to 
engineering.  In  scientific  treatises  there  is  a  growing  and  a  very  laud- 
able custom  to  supplement  algebraical  demonstrations  with  geometrical 
and  even  mechanical  illustrations.  Any  object  whatever  is  always  better 
comprehended  when  seen  from  more  sides  than  one.  No  less  an  authority 
than  the  designer  of  the  Forth  Bridge  is  credited  with  finding  the  centre 
of  an  irregular  figure,  by  cutting  it  out  in  cartridge  paper,  and  balancing 
it  on  the  point  of  his  penknife.  I  trust  he  will  not  think  I  do  him  an 
injustice,  as  I  certainly  mean  none.  An  American  author  who  studied 
for  the  classical  tripos  at  Cambridge,  at  a  time  when  at  least  some 
mathematics  were  required  even  from  classical  men,  complained  that  in 
the  mathematical  question  papers  there  were  no  pictures.  The  wood- 
cuts in  Euclid  undoubtedly  enable  a  certain  class  of  minds  to  comprehend 
what  eludes  their  grasp  when  stated  in  an  algebraical  form.  Not  long 
ago  a  German  mathematician  died,  by  name  Jacob  Steiner,  who  wrote 
a  series  of  papers  founded  on  the  writings  of  ApoUonius  of  Perga,  who 
was  a  contemporary,  I  believe,  of  Euclid.  Steiner's  writings  were  not 
much  esteemed  in  his  lifetime,  but  after  his  death  other  mathematicians 
have  collected  and  edited  his  papers,  which  (so  far  as  I  can  learn) 
really  mark  a  new  departure  in  mathematics,  and  amount  to  the  invention 
of  a  new  calculus.  It  is  a  system  of  projection,  and  is  sometimes  called 
projective  geometry,  and  it  is  said  that  the  most  difficult  problems,  such 
as  can  hardly  be  tackled  by  the  differential  or  the  integral  calculus,  may 
by  this  system  be  solved  by  means  of  a  straight  edge  and  a  sheet  of 
drawing  paper.  The  subject  seems  to  be  but  little  known  in  England, 
and  what  I  have  heard  of  it  myself  has  been  from  my  relative.  Dr. 
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Theodore  Merz,  of  this  city,  and  from  Sir  Robert  Ball,  of  the  Dublin 
Observatory,  who  is  so  honourably  known  in  this  theatre. 

At  the  beginning  of  these,  my  remarks,  I  spoke  of  the  Chair  of 
Engineering  at  the  Durham  College  of  Science,  which  leads  me  to 'address 
a  few  words  to  our  Graduates.  Much  has  been  said  of  recent  years  about 
technical  education.  The  expression  has  been  much  abused,  for  technical 
education  can  surely  only  mean  the  teaching  of  an  art.  I  can  under- 
stand the  institution  of  dairy  schools  to  teach  dairymaids  more  scientific 
methods  of  making  butter,  or  schools  of  forestry,  and  so  forth  ;  but  in 
our  own  arts  I  can  conceive  of  no  better  school  than  the  workshop.  You 
have  there  the  experience  and  the  skill  of  the  best  artizans,  you  have  the 
feeling  of  being  engaged  in  serious  constructions,  you  are  in  the  vevj 
atmosphere  of  your  craft.  More  than  this,  you  are  learning  by  doing. 
There  is  the  learning  by  committing  to  memory,  and  there  is  the  learning 
by  doing,  and  of  the  two,  perhaps  the  latter  is  the  better  education. 
Some  of  the  most  successful  men  whom  I  know  in  other  walks  of  life 
have  been  educated  in  the  workshop.  The  workshop  will  develop  some 
faculties  in  a  way  that  Cambridge  or  Oxford  cannot  touch.  But  when 
your  years  of  apprenticeship  are  over,  or  during  them,  you  will  do  well 
to  add  to  your  practical  knowledge  all  that  you  can  cull  from  the  schools 
of  science.  Nor  should  you  neglect  the  study  of  modem  languages, 
which  are  not  difficult  to  acquire  if  you  have  a  hearty  will  to  do  so,  and 
if  you  learn  by  the  ear  rather  than,  or  as  well  as  by  the  eye.  You  have 
before  you  a  long  and  toilsome  way,  but  at  every  step  you  will  find  a 
reward.  Work  itself  is  a  pleasure,  and  his  life  is  a  happy  one  who  learns 
to  love  work.  My  friend,  Mr.  Joseph  Cowen,  once  aptly  said  in  one  of 
his  speeches,  "  Happiness  is  not  a  thing,  it  is  a  mental  state.  It  is 
seldom  fonnd  by  those  who  seek  it  most,  but  it  rarely  fails  to  come  to 
those  who  do  their  duty."  And  be  assured  that  in  the  earnest  pursuit  of 
a  noble  profession  you  will,  amid  all  the  toil,  find  joys  and  a  *'  life  which 
bloated  ease  can  never  hope  to  share." 


Mr.  Wm.  Boyd  said,  the  duty  had  fallen  to  him  that  night  to  propose 
a  vote  of  thanks  to  their  new  President  for  the  very  eloquent  address 
which  he  had  delivered  to  them  that  evening.  There  was  only  one 
complaint  that  he  felt  disposed  to  make,  and  that  was  that  the  address,  so 
varied  in  its  character,  and  so  wide-reaching  in  the  topics  upon  which  it 
had  touched,  had  not  been  in  the  hands  of  the  members  in  some  shape  or 
form  before  hearing  it  read  to  them.     But  be  that  as  it  may,  he  was 
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quite  sure  he  spoke  the  minds  of  all  those  present  that  evening,  when  he 

said  that  they  had  listened  to  this  very  able  address  with  the  utmost 

pleasure  and  satisfaction.    There  was  to  himself,  personally,  this  one 

great  gratification,  that  as  the  value  of  the  papers  read  before  this 

Institution  had  increased  in  importance  and  interest  from  the  time  the 

Institution  was  formed  six  years  ago,  he  was  specially  pleased  to  find  that 

the  presidential  addresses  had  also'  gone  on  increasing  in  interest  and 

importance,  and  he  ventured  to  think  that  the  successors  of  their  worthy 

President  would  have  a  very  difficult  record  to  beat  when  it  came  to  their 

turn.    The  topics  that  had  been  treated  with  so  much  grace  of  language 

in  Mr.  Richardson's  address  were  so  varied  that  he  found  it  extremely 

difScult  to  touch  upon  any  one  of  them.     In  fact,  he  thought  that  that 

was  hardly  necessary:  that  was  not,  perhaps,  the  spirit  in  which  an 

address  of  that  sort  was  conceived  or  written.    The  spirit  in  which  such 

an  address  as  this  was  laid  before  them,  seemed  to  him  to  be  that  of  the 

enumeration,  in  a  very  talented  way,  of  the  vdrious  subjects  to  which 

members  of  this  Institution  might,  more  or  less,  turn  their  attention,  and 

though  their  present  President  had  wandered  further  afield  than  any  of 

his  predecessors  ventured  to  do,  yet  that  was,  perhaps,  a  great  advantage 

to  the   Institution;    at  any  rate,  whether  it  be  an  advantage   to  the 

Institution  or  not,  or  followed  up  by  the  Institution  or  not,  it  certainly 

showed  they  had  been  fortunate  in  securing  as  President  for  the  ensuing 

year  a  man  of  very  great  grasp  of  thought,  very  great  grasp  of  language, 

and  who,  they  felt  sure,  if  his  health  was  spared  to  him,  would  preside 

over  the  meetings  of  this  Institution  with  an  ability  which  was  indicated 

in  the  paper  they  had  heard  from  him  that  evening.     He  did  not  know 

that  he  had  more  to  say  at  present.     He  was  (|uite  sure  that  before  he 

put  the  resolution  it  would  be  the  wisli  of  others  present  to  supplement 

what  he  had  said,  and  what  his  friend,  Mr.  Marshall,  was  going  to  say. 

There  was  no  further  formal  business  before  the  meeting,  and,  therefore, 

he  hoped  they  would  not  necessarily  confine  themselves  to  the  formal 

resolution. 

Mr.  F.  C.  Marshall  said,  he  had  very  great  pleasure  in  seconding 
the  proposition  made  by  their  premier  President,  Mr.  Boyd.  Their 
best  thanks  were  due  to  Mr.  Richardson  for  his  very  able  address.  He 
had  tiiken  them  all  round  the  world  of  engineering  pursuits,  and  he  had 
done  it  in  a  manner  which  could  not  fail  to  be  interesting,  and,  above  all, 
could  not  fail  to  be  very  suggestive  to  the  members  of  this  Institution. 
They  had  never  before,  he  thought,  in  any  presidential  address,  or  any 
other  address,  had  anything  in  relation  to  sanitary  engineering  brought  be- 
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fore  this  Institution,  and  he  was  quite  sure  that  sanitary  engineering  might 
very  well  and  profitably  be  studied  by  mechanical  engineers.    There  was 
a  great  deal  of  mechanical  engineering  required  in  sanitary  engineering, 
specially  in  matters  of  drainage,  also  in  canal  engineering,  bridge  engineer- 
ing, and  the  various  classes  and  phases  their  President  had  mentioned. 
In  treating  upon  all  of  them,  much   which   he  had  said  was  very 
suggestive,    and    especially    so    to'    their    younger    members.      He 
had    taken   them    all    over    ground    that  was    entirely    new  to    the 
Institution,  and  which,  he  hoped — ^he  was  sure  he  spoke  the  feelings 
of  the  Council — would  be  dealt  with  in  many  of  the  papers  of  the 
future.    There  had  been  a  little  disposition   in  their  proceedings  to 
restrict  their  papers  to  what  might  be  denominated  more  especially 
marine  engineering  and  naval  architecture.     Their  Institution  had  a 
broader  scope  than  this,  and  he  trusted  the  suggestions  of  the  President 
would  be  followed  by  good  papers  on  many  of  the  subjects  he  had  men- 
tioned.   He  did  not  think  he  should  trespass  longer  upon  their  time  after 
the  admirable  remarks  Mr.  Boyd  had  made  in  proposing  the  resolution. 
He  felt  it  would  be  trespassing  on  their  time  to  say  more.    Perhaps  they 
would  permit  him  just  to  add  one  word  of  indorsement  to  the  very  eloquent 
terms  in  which  their  President  had  brought  forward  the  Graduate  section 
of  the  Institution.     Unfortunately,  he  did  not  see  that  night  very  many 
of  their  Graduates  present.    He  thought  it  would  be  well  if  the  senior 
members  of  the  Institution  would  take  this  Graduate  subject  up  rather 
more  vigorously  than  they  had  done  in  the  past.     The  Council  of  the 
Institution  was  willing  to  offer  inducements  to   the  members  of  the 
Graduate  section  for  the  production  of  good  pjipers — two  of  those  already 
read  he  heard  spoken  of  very  favourably  indeed,  and  were  said  to  have 
been  worthy  of  the  larger  Institution.     He  hoped  the  stimulus  of  prizes, 
which  would  amount,  he  supposed,  to  something  like  £8  a  year,  would 
make  the  younger  members  of  the  Institution  take  a  very  earnest  part  in 
the  conducting  of  the  Graduate  section.    He  could  not  say  more  to  them, 
but  had  very  great  pleasure  in  seconding  the  resolution  of  his  friend,  Mr. 
Boyd,  and  trusted  his  suggestion  that  other  members  would  express  their 
views  on  this  very  admirable  address  would  be  followed. 

Mr.  John  Price  said,  not  one  of  them,  he  thought,  could  fail  to  be 
impressed  very  much  indeed  by  the  admirable  address  to  which  they  had 
listened.  He  did  not,  unfortimutely,  hear  that  portion  about  sanitation, 
but  he  heard  the  remamder,  including  a  very  wide,  very  able  review,  and 
a  stnking  retrospect  of  canal  engineering  all  over  the  world.  He  was  also 
struck  with  the  very  thorough  and  complete  manner  in  which  the  other 
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branches  of  the  various  subjects  were  treated,  showing  not  only  the 
stndionsness  of  close  reading,  but  intimate  acquaintance  with  the  subjects 
referred  to,  and  especially  in  the  departments  in  which  they  were  more 
particularly  interested.  They  were  expecting  a  great  deal  from  Mr. 
Richardson,  and  he  with  great  pleasure  congratulated  him  upon  being 
well  enough  to  undertake  the  duties  of  the  ensuing  year.  They  had  a 
genuine  interest  in  his  well-being  and  the  degree  of  health  to  which  he  had 
now  attained.  He  hoped  he  would  be  spared,  and  he  also  hoped  that  the 
Institution  would  receive  the  stimulus  of  another  address  of  equal  merit. 
He  (Mr.  Price)  felt  that  the  Institution  had  attained  to  a  position  which 
might  very  fairly  entitle  it  to  rank  alongside  of  any  of  the  kindred  insti- 
tutions of  the  country  of  older  life.  Their  President's  ability  in  the 
treatment  of  his  subjects  warranted  their  being  proud  of  him,  and  he  felt 
more  satisfied  than  ever  in  the  future  of  this  Institution.  He  by  no 
means  wished  to  hint  that  the  earlier  Presidents  had  in  any  degree  failed, 
but  he  earnestly  joined  with  Mr.  Boyd  in  his  admirable  remarks  as  to  the 
progressive  and  ascending  character  and  tone  of  the  meeting  that  night 
and  the  address.  He  had  great  pleasure  in  adding  his  testimony  to  the 
high  appreciation  with  which  they  had  Ustened  to  the  address. 

Mr.  Theodore  Doxford  had  very  great  pleasure  in  indorsing  what 
had  been  said  by  the  three  gentlemen  who  had  already  spoken.  One 
reason  for  his  hanging  back  was  that  he  did  not  wish  that  the  speaking 
should  be  entirely  in  the  hands  of  Presidents.  One  advantage,  however, 
they  might  have  in  speaking  was  that  they  had  had  the  experience  of 
preparing  addresses,  and  they  therefore  understood  the  difficulties  and 
labour  entailed  in  such  an  address  as  they  had  heard  read  that  night,  and 
perhaps  appreciated  it  more  than  those  who  had  not  had  that  experience. 
After  the  remarks  which  had  fallen  from  the  previous  speakers  he  did 
not  think  it  was  necessary  for  him  to  say  more  than  that  he  entirely 
agreed  with  all  that  had  been  said,  and  he  thought  this  Institution 
was  to  be  greatly  congratulated  upon  having  so  able  a  President  for  the 
ensuing  year. 

The  resolution  was  carried  by  acclamation. 

The  President  thanked  them  very  much  for  the  kind  way  in  which 
they  had  received  his  address.  On  the  subject  of  geometry  he  would  like 
specially  to  acknowledge  the  useful  information  received  from  Sir  Robert 
Ball,  the  gifted  Irish  astronomer,  who  had  formerly  lectured  in  that  room, 
and  would  refer  to  Sir  Robert's  interesting  paper  on  "Screws,"  read 
Wore  the  British  Association,  which  he  would  be  glad  to  lend  to  any  one 
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interested.  In  regard  to  M.  de  Ferranti's  electric  main  shown  on  the 
table,  he  believed  that  the  current  passed  in  the  centre  copper  tube  and 
the  outer  was  for  the  return  current.  It  was  due  to  this,  he  believed, 
that  there  was  no^  disturbance  to  the  post  oflSce  or  telephone  wires. 
He  again  wished  to  thank  them.  The  next  meeting  would  be  held  in 
Sunderland  on  the  21st  November,  when  a  paper  would  be  read  by  Mr. 
W.  R.  Cummins  on  "Increased  Boiler  Pressure  and  Increased  Piston 
Speed  for  Marine  Engines." 

The  meeting  then  dissolved. 
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XORTH-EAST  COAST  INSTITUTION  OF  ENGINEERS 

AND  SHIPBUILDERS. 


SEVEirrH  Session,  1890-91. 


PROCEEDINGS. 


SECOND  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
LECTURE  HALL  OF  THE  SUBSCRIPTION  LITERARY  SOCIETY, 
SUNDERLAND,    ON    FRIDAY    EVENING,    NOVEMBER    21ST,    1890. 


WIGHAM  RICHARDSON,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Newcastlo-on-Tyne,  on  October  13th,  which  were  approved  by  the 
members  present  and  signed  by  the  President. 

The  ballot  for  new  members  having  been  taken,  the  President  appointed 
Messrs.  H.  MacoU  and  G.  W.  Sivewight  to  examine  the  voting  papers, 
and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 

filackie.  Thomas  Reid,  E.  Surveyor  to  Lloyd's  Register  of  Shipping,  Lloyd's 

Register  of  Shipping,  West  Hartlepool. 
Charlton,   Thomas,   Chief  Engineer,   Earl    FitzwiUiam's    Yacht,    The   Cedars, 

MiUhill,  West  Cowes,  Isle  of  Wight. 
Consiglio,  Luigi,  Naval  Architect,  c/o  Messrs.  Hawthorn,  Leslie.  &  Co.,  Hebburn- 

on-Tyne. 
De-Rusett,  Edwin  W.,  Shipbuilder,   Warden  House,  Percy  Park  Road,  Tync- 

raouth. 
Hammar,  Hugo,  Ship  Draughtsman,  c/o  Harrison  Loring,  Esq.,  South  Boston, 

Mass.,  US. A. 
Henderson,    A.    M.,    Works   Manager,    Central    Marine   Engine    Works,    West 

Hartlepool,  Greatham  Terrace,  West  Hartlepool. 
Kitcbing,  J.   F..  Superintendent  Engineer  to  Messrs.   K.   Irvine  &  Co.,    West 

Hartlepool,  Hart  Road,  West  Hartlepool. 
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Nastoupil,  Joiin,  Chief  Engineer,  Austro- Hungarian  Xavj,  34,  Jesmond  Road, 

Newcastle-on-Tyne. 
Richardson,  Philip  Wigham,  Shipbuilder,  Neptune  Works,  Walker-on-Tyne. 
Thomson,  James,  Jun.,  M.A.,  Civil  Engineer,  c/o  Messrs.  Sir  W.  G.  Armstrong, 

Mitchell,  &  Co.,  Ordnance  Works,  Elswick,  Newcastle-on-Tyne. 

ASSOCIATES. 

Nicholson,  John,  Marine  Superintendent.  West  View  House,  South  Shields. 
Rickinson,  John,  Shipowner,  9,  Church  Street,  West  Hartlepool. 
Watson,  Thomas  W.,  Marine  Superintendent  to  Messrs.  R.  Shadford  &  Co., 
Sunderland,  Qisbum  House,  Hartlepool. 

GRADUATES. 

Barbour,  Jonu,  E.  Apprentice,  Messrs.  North  Eastern  Marine  Engineering 
Company,  Limited,  Wallsend,  14,  Eslington  Terrace,  Newcastle-on-Tyne. 

Cooper,  William,  Jun.,  Engineer,  Messrs.  J.  Smith  &  Sons,  11,  Ridley  Place, 
Newcastle-on-Tyne. 

Cowan,  David,  Ship  Draughtsman  Apprentice,  Messrs.  Palmer^s  Iron  and  Ship- 
building Co.,  Jarrow-on-Tyne,  22,  Clarendon  Terrace,  South  Shields. 

Elder,  Edward,  Ship  Draughtsman,  Messrs.  Palmer's  Iron  and  Shipbuilding 
Co.,  Jarrow,  Loudon  House,  Jarrow-on-Tyne. 

Hewitt,  John,  Ship  Draughtsman  Apprentice,  Messrs.  Palmer's  Iron  and  Ship- 
building Co.,  Jarrow,  29,  Holly  Street,  Jarrow-on-Tyne. 

Macmillan,  Alexander  Stuart,  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 
c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's,  Newcastle-on-Tyne. 

Phillips,  Grafton,  E.  Apprentice,  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's, 
c/o  Messrs.  Hawthorn,  Leslie,  &  Co.,  St.  Peter's,  Newcastle-on-Tyne. 

Swan,  Charles  Sheriton,  Apprentice  Shipbuilder,  Messrs.  C.  S.  Swan  &  Hunter, 
29,  Percy  Gardens,  Tynemouth. 

Withy,  Frederick,  Ship  Draughtsman,  Messrs.  J.  L.  Thompson,  North  Sands, 
Sunderland,  14,  St.  George's  Terrace,  Sunderland. 

Youl,  James  Arndell,  Ship  Draught<«man  Apprentice,  Messrs.  Palmer's  Works, 
Jarrow,  Sydenham  Terrace,  Newcastle-on-Tyne. 
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THE  CHAIR  OF  ENGINEERING,  AND  THE  GRADUATES' 

MEETINGS. 

The  President  said  he  was  disposed  to  make  a  few  remarks 
about  the  Chair  of  Engineering  in  the  Durham  College  of 
Science,  the  appointment  of  which  was  to  be  placed  in  the  hands 
of  this  Institution.  The  Chancellor  of  the  Exchequer  had  placed 
sums  at  the  disposal  of  the  various  County  Councils  for  the  promotion 
of  technical  education.  There  were  no  less  than  four  County 
Councils  having  under  their  disposal  funds  that  might  go  to  aid  the 
Durham  College  of  Science.  There  was  first  the  County  Council  of 
Sunderland.  They  all  knew  the  enterprise  of  their  friends  of  Sunderland 
and  the  desire  manifested  for  the  well-being  and  progress  of  the  m- 
habitants.  There  was  the  County  Council  of  Newcastle-upon-Tyne, 
the  County  Council  of  Durham,  and  the  County  Council  of  Northumber- 
land. He  would  now  ask  Mr.  MacoU  to  make  some  remarks  upon  this 
and  the  Graduates'  meetings. 

Mr.  H.  Macoll  observed  first  of  all,  that  as  regarded  the  Chair  of 
Marine  Engineering  and  Naval  Architecture,  so  far  they  had  met  with 
moderate  success  in  endeavouring  to  raise  a  fund.  The  idea  at  first  was 
to  raise  a  sum  which,  capitalized  and  invested,  would  give  a  sufficient 
inducement  to  talented  gentlemen  to  occupy  the  chair ;  but,  as  business 
was  not  very  bright  in  the  way  of  profit  making  at  present,  they  had  had 
to  climb  down  from  that  position  and  endeavour  to  obtain  sufficient 
funds  to  enable  them  to  secure  an  appointment  for  about  three  years. 
They  thought  it  would  not  be  practicable  to  get  a  good  man  to  undertake 
the  duties  of  the  chair  for  less  than  that  time,  and  if  the  scheme  was  a 
success  during  the  three  years,  there  would  be  reasonable  grounds  in 
asking  more  money  to  estabUsh  the  chair  in  a  more  permanent  and  satis- 
factory manner.  So  far,  he  thought  they  might  say  they  had  got  fully 
the  half  of  the  sum  necessary.  It  had  occurred  to  several  of  the  members 
that  as  the  County  Councils  had  the  administering  of  a  large  sum  of 
money,  and  that  as  this  chair  was  a  desirable  object  and  one  well  worthy 
to  be  supported  out  of  the  public  fiinds  to  a  certain  extent,  there  might 
be  a  good  claim  made  on  the  Councils  of  the  district  to  contribute 
towards  this  chair.  It  is  more  of  a  national  concern  than  local,  and 
people  in  the  Hartlepools  and  round  about  might  not  feel  so  willing  to  con- 
tribute to  a  chair  in  Newcastle  as  not  being  so  accessible  to  their  friends. 
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On  the  other  hand,  as  regarded  the  actual  amounts  they  had  had  much 
more  success  in  obtaining  contributions  ft'om  Hartlepool  and  that  district 
than  from  either  the  Tyne  or  the  Wear,  which  said  a  good  deal  for  the 
public  spirit  of  these  gentlemen.     It  ought  to  strengthen  the  hands  of 
the  Council  of  the  Institution  in  dealing  with  this  matter.     It  was  also 
intended   to  approach   the  County  Councils  as  soon  as  possible,   and 
ascertain  their  views  in  the  matter.     As  regarded  the  Graduates,  the 
second  meeting  of  this  session  was  held  last  Wednesday  in  Newcastle, 
when  the  President  of  the  section,  Mr.  Frank  T.  Marshall,  gave  a  very 
interesting  and  useful  address  on  Forced   Draught.      Now  there  was 
a  great  want  of  a  little  more  animation  in  this  Graduate  section.     The 
numbers    were    rather    small,    and    it    was   very   desirable   that   the 
attendance    should    be   augmented    very    considerably.      In    a    large 
engineering   and  shipbuilding  district  like  this,  more   than  a  dozen 
and  a  half   young   men   in   these   professions   might  be  expected  to 
meet  in  this  way  for   mutual  improvement,   which   would  be  secured 
by    reading    papers    and    discussing    matters    connected    with     their 
business.    The  Council  of  the  Institution  having  supplied  a  room  and 
given  them  the  use  of  the  place.,  they  would  like  to  see  more  members 
coming  forward,  especially  as  there  was  now  a  fiind  at  the  disposal  of  the 
Council  for  the  granting  of  awards  to  the  authors  of  the  best  papers  con- 
tributed during  each  session.     It  only  lay  with  the  Graduates  themselves 
to  come  forward  in  larger  numbers.     The  Committee  of  the  Graduate 
section  had  made  arrangements  for  excursions  to  several  works  in  the 
district,  a  feature  not  only  interesting,  but  veiy  useful. 

Mr.  Robert  Thompson  endorsed  what  Mr.  Macoll  had  said,  and 
stated  that  the  Committee  in  the  district  had  been  moving  in  the  matter 
of  support  for  the  Chair  of  Engineering.  Something  like  £3,000  would 
be  apportioned  to  the  Sunderland  Council  for  the  purpose  of  technical 
education,  and  it  struck  them  that  shipbuilding  being  by  far  the  largest 
interest  in  the  district,  they  might  reasonably  approach  the  Council  with 
the  idea  of  getting  it,  if  possible,  to  apportion  a  part  of  this  sum  to  the 
founding  of  the  chair  in  question.  He  was  quite  sure  that  so  far  as  the 
district  was  concerned,  the  proceedings  of  their  Institution  would  com- 
pare favourably  with  the  Clyde  or  any  other,  their  papers  and  discussions 
being  creditable  to  the  Institution,  and  a  very  great  benefit  to  the  dis- 
trict. He  thought  under  the  favourable  circumstances  in  which  they 
were  getting  this  money  they  had  a  fair  claim  to  some  portion  of  it, 
because  technical  education  was  what  was  wanted,  and  if  they  could 
found  a  Chair  of  Engineering  in  the  Durham  College — for  although  in 
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Newcastle  it  was  the  Durham  College — he  was  quite  sure  it  would  further 
the  interests  of  this  district  very  materially.  The  Collie  and  Principal 
Gamett  oflFered  every  facility,  and  went  as  far  as  possible  in  the  way  of 
lightening  the  fees  of  the  students.  He  (Mr.  Thompson)  was  quite  sure 
if  they  could  carry  this  scheme  out  it  would  be  an  immense  benefit  to 
the  district.  So  far  as  Sunderland  was  concerned,  they  were  determined 
to  push  the  project  as  strongly  as  they  could  to  obtain  the  monetary  aid 
and  establish  the  chair.  As  to  the  Graduates,  he  was  rather  surprised 
at  the  lack  of  interest  amongst  these  young  members,  because  it  could  not 
be  said  that  they  had  no  time.  There  was  abundance  of  time  for  recreation. 
It  was  well  enough  to  have  physical  exercise,  but  the  improvement  of 
the  mind  was  of  the  first  importance.  In  his  young  days  it  was  pretty 
hard  work  to  acquire  information ;  now  the  facilities  were  much  en- 
larged, and  it  depended  upon  themselves  what  they  would  make  of  the 
future,  and  how  they  would  equip  themselves  to  take  their  places.  What 
had  been  said  that  night  would,  he  hoped,  bear  fruit;  and  that  the  young 
men  of  the  Institution,  taking  all  the  advantages  for  self-improvement, 
would  work  so  as  to  better  their  own  position,  and  at  the  same  time 
improve  the  position  of  the  district. 
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The  Secretaby  (Mr.  Duckitt)  read  the  following  letter,  which  he 
thought  would  be  of  interest.  It  was  from  Mr.  Muirhead,  Secretary  to 
the  General  Association  of  Clyde  Shipbuilders  and  Engineers  : — 

Glasgow,  20th  November,  1890. 

J.  Duckitt, — Deab  Sir, — I  was  duly  favoured  with  your  letter  of 
Uth  October,  kindly  informing  me  that  your  Institution  had  nominated 
Wm.  Boyd,  Esq.;  Francis  Carr  Marshall,  Esq.;  Robert  Thompson,  Esq.; 
and  Henry  Withy,  Esq.,  as  their  representatives.  I  am  glad  to  say  that 
the  Institution  of  Naval  Architects,  London,  have  nominated  Sir  Edward 
Harland,  Bart.,  M.P.,  as  representative  for  Ireland,  their  other  representa- 
tives being  H.  H.  Laird,  Esq.,  Liverpool ;  A.  D.  Bryce  Douglas,  Esq., 
Harrow ;  and  R.  Sennet,  Esq.,  London.  The  Glasgow  Institute  have 
nominated  Messrs.  John  Ward,  of  Messrs.  Denny  and  Brothers,  Dum- 
barton ;  D.  J.  Dunlop,  Port  Glasgow ;  John  Inglis  and  Dr.  A.  C. 
Kirk  as  their  representatives,  and  as  soon  as  I  am  informed  that  these 

■ 

gentleman  have  accepted   their  appointments,  which  I  expect  will  be 
immediately,  I  shall  forward  the  completed  list  to  Lloyd's. 

Yours  truly, 

J.  Muirhead,  Secretary. 


The  SBcaBTAEY  read  a  paper  on  "Increased  Boiler  Pressure  and 
Increased  Piston  Speed  for  Marine  Engines,"  by  Mr.  William  Russell 
Cummins. 


INCREASED  BOILER  PRESSURE.  47 


INCREASED  BOILER  PRESSURE  AND  INCREASED  PISTON 

SPEED  FOR  MARINE  ENGINES. 


By  WILLIAM  RUSSELL  CUMMINS. 


[Rbad  bepobb  thb  Institution  in  Sundbbland,  on  Novembbb  21st,  1890.] 


The  object  of  this  paper  is  to  raise  a  few  questions  as  to  the  advisability 
of  increasing  (1)  the  working  pressure,  and  (2)  the  piston  speed  of  marine 
engines  ;  and  to  consider  what  type  of  engine  and  boiler  would  best  suit 
these  new  conditions.  The  superiority  of  the  three-crank  triple  expan- 
sion engine  over  the  old  two-crank  compound  is  generally  attributed  to 
three  causes: — First,  to  increased  working  pressure  giving  a  greater  total 
temperature  range,  and  allowing  of  a  greater  ratio  of  expansion;  secondly, 
to  decrease  of  temperature  range  in  each  cylinder,  thus  causing  less  loss 
from  cylinder  condensation;  and  thirdly,  to  increased  piston  speed. 

To  compare  the  economy  of  steam  of  165  lbs.  absolute  pressure  with 
steam  of  115  lbs.  absolute  pressure,  let  it  be  assumed  that  we  have  1  lb. 
of  dry  saturated  steam  at  115  lbs.  absolute  pressure.  A  certain  quautity 
of  coal  has  been  expended  to  produce  this  lb.  of  steam;  and  the  first 
question  which  arises  is — How  much  coal  will  be  expended  to  produce 
1  lb.  of  steam  at  165  lbs.  absolute  pressure  ?  The  efficiency  of  the  heating 
surface  should  be  rather  less  in  tHe  case  of  the  higlier  pressure,  as  the 
temperature  of  the  water  will  be  higher.  Assuming,  however,  that  the 
efficiency  is  not  appreciably  decreased  for  the  extra  rise  of  temperature 
(72  degs.  Fah.),  then  for  the  same  amount  of  coal  expended  we  have — 

Total  heat  of  1  lb.  steam  at  115  lbs,  pressure  _  .nqoQ-  lu 

Total  heat  of  1  lb.  steam  at  165  lbs.  pressure  " 
165  lbs.  absolute  pressure,  to  compare  with  1  lb.  of  steam  at  115  lbs. 
absolute  pressure. 

Next,  assume  that  the  steam  of  115  lbs.  pressure  is  expanded  adiaba- 
tically  to  8  lbs.  absolute,  and  that  the  steam  of  165  lbs.  pressure  is 
expanded  to  6  lbs.  absolute,  the  back  pressure  in  both  cases  being  4  lbs. 
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(using  a  formula  given  by  Rankine  for  the  amount  of  liquefaction  due 
to  expansive  working),  we  have  for  the  proportion  of  liquefied  water  at 
the  end  of  expansion  the  expression — 

1  -  J^(j  hyp.  log.  J  +  5;),        • 

where  Tj  =  absolute  initial  temperature  ; 

T,  =  absolute  temperature  at  end  of  expansion; 

Hi  =  latent  heat  per  lb.  of  initial  steam; 

Hs  =i  latent  heat  per  lb.  of  steam  at  end  of  expansion. 

Thus,  for  steam  of  115  lbs.  absolute  pressure,  and  terminal  pressure  8  lbs. 
absolute — 

Ti  =  799-01  degs.  Fah., 

T,=  644-11  degs.  Fah., 

Hi  =  675864  ft.  lbs., 

H,  =  761881  ft.  lbs., 

and  the  proportion  of  steam  liquefied  =  14*84  per  cent.;  so  that,  at  the 
beginning  of  expansion,  there  is  1  lb.  of  steam  at  115  lbs.  absolute  pres- 
sure, and  at  the  end  of  expansion  *8568  lbs.  steam  at  8  lbs.  absolute 
pressure  and  -1487  lbs.  water.  For  convenience,  let  it  be  assumed  that 
this  proportion  does  not  vary  during  the  exhaust  period.  Then,  heat 
received  =  total  heat  of  1  lb.  steam  at  115  lbs.  absolute  pressure 
=  1216*974  thermal  units.  Heat  rejected  =  total  heat  of  *8568  lbs. 
steam  at  4  lbs.  absolute  pressure  =  993*848  thermal  units  +  heat  of 
*1437  lbs.  water  at  same  tempei-ature  =  22*048  thermal  units.  Total 
heat  rejected  =  993*843  +  22-043  =  1015*886  thermal  units. 

1216*2741  —  1015*886  =  201*088  thermal  units  utilised. 
For  steam  of  165  lbs.  absolute  pressure,  and  terminal  pressure  6  lbs. 
absolute — 

Ti  =  826*94  degs.  Fah., 
Ta=  631*82  degs.  Fah., 
Hi  =  660110  ft.  lbs.. 
Ha  =  768333  ft.  lbs., 

and  the  proportion  of  steam  liquefied  at  the  end  of  expansion  =  17*29 
per  cent.;  so  that,  at  the  beginning  of  expansion,  we  have  *99305  lbs. 
steam  at  165  lbs.  absolute  pressure,  and  at  the  end  of  the  expansion 
*82186  lbs.  steam  and  -17169  lbs.  water  at  6  lbs.  absolute  pressure.  Then, 
heat  received  =  total  heat  of  *99305  lbs.  steam  at  165  lbs.  absolute  pres- 
sure =  1216*974  thermal  units.  Heat  rejected  =  total  heat  of  -82136 
lbs.  steam  at  4  lbs.  absolute  pressure  =  953*29  thermal  units  +  heat  of 
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*17 169  lbs.  water  at  same  temperatare  =  26*339  thermal  nnits.    Total 
heat  rejected  =  953-29  +  26-839  =  979-629  thermal  units. 

1216-974  —  979-629  =  237-345  thermal  units  utilised. 

Heat  utilised  with  steam  of  115  lbs.  absolute  pressure 

=  201-088  thermal  units. 

Heat  utilised  with  steam  of  165  lbs.  absolute  pressure 

=  237-345  thermal  units. 

237-345-201-088^-^^       -^  ,  c^okm.      . 

-_-__-_ X  100  =  18  per  cent,  economy  of  165  lbs.  steam  over 

201-088  ^  -^ 

115  lbs.  steam. 

Passing  on  now  to  the  second  alleged  cause  of  the  economy  of  the 
triple  expansion  engine,  the  general  effect  of  cylinder  condensation  is  to 
cause  a  lowering  of  temperature  at  the  beginning  of  the  stroke  and  a 
raising  of  temperature  at  the  end  of  the  stroke,  as  indicated  by  the  heat 
diagram.  Fig.  1,  Plate  I.     ABODE  represents  the  heat  diagram  of  an 
engine  in  which  there  is  no  initial  condensation,  B  C  being  an  adiabatic 
curve  produced  down  to  the  zero  of  temperature.     The  heat  diagram  of 
an  engine  in  which  initial  condensation  takes  place  is  indicated  by 
FGHDE,  ABGF  representing  the  amount  of  heat  stored  up  in  the 
walls  of  the  cylinder  at  the  point  of  cut-off.    By  the  principle  of  work 
the  area  under  the  curve  A  B  C  is  equal  to  the  area  under  the  curve 
F  G  H,  so  that  if  the  process  were  carried  down  to  the  zero  of  tempera- 
ture there  would  be  no  loss  from  cyhnder  condensation;   but  as  in 
practice  the  process  must  be  stopped  at  a  point  J,  say,  the  difference 
between  the  areas  ABGF  and  G  J  K  will  represent  the  amount  of  loss 
due  to  condensation.     Or  suppose  2  lbs.  of  steam  are  admitted  to  a 
cylinder  at  100  lbs.  pressure,  and  that  1  lb.  is  condensed  on  the  cylinder 
surfaces,  then  let  the  steam   be  expanded  down  to  50  lbs.  pressure, 
assuming  that  all  the  condensed  steam  is  by  that  time  re-evaporated. 
Divide  the  period  of  expansion  into  any  number  of  stages.     At  the 
beginning  of  expansion  there  is  1  lb.  of  steam  at  100  lbs.  pressure,  and 
by  expanding  it  down  to  50  lbs.,  a  certain  amount  of  energy  can  be 
extracted  to  do  external  work. 

At  the  end  of  the  first  stage  a  certain  amount  of  the  condensed  steam 
will  have  been  evaporated  by  the  heat  contained  in  the  cylinder  walls, 
and  will  be  available  for  doing  work.  It  is,  however,  at  a  lower  tem- 
perature than  the  initial  steam,  and  therefore  has  less  potential  energy. 
By  dividing  the  period  of  expansion  into  a  sufficient  number  of  stages, 
and  adding  up  the  available  energy  of  each  portion  of  steam  as  it  gets 
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re-evaporated,  and  comparing  the  total  thus  obtained  with  the  available 
energy  of  2  lbs.  of  steam  for  the  total  temperature,  an  idea  of  the  loss 
due  to  condensation  between  the  assumed  limits  may  be  obtained. 

Condensation  in  the  cylinder  may  be  prevented  by  means  of  a  steam 
jacket,  but  no  economy  ciin  be  effected  thereby.  Suppose  a  certain 
quantity  of  steam  at  100  lbs.  pressure,  containing  2ii0  thermal  units,  be 
admitted  to  an  unjacketed  cylinder,  and  assume  that  the  walls  of  the 
cylinder  absorb  loO  thermal  units,  a  certain  amount  of  energy  will  be 
extracted  from  the  remaining  100  thermal  units,  and  also  a  certain  portion 
of  the  heat  stored  up  in  the  cylinder  walls,  will,  as  expansion  proceeds, 
become  available  for  doing  work. 

Next,  suppose  the  cylinder  to  be  jacketed  with  steam  of  100  lbs. 
pressure.  If  no  steam  be  condensed  on  entering  the  cylinder,  it  follows 
that  the  walls  must  have  absorbed  100  thermal  units  from  the  steam  in 
the  jacket. 

In  the  one  case  200  thermal  units  have  been  put  into  the  cylinder 
and  100  thermal  units  into  the  jacket,  up  to  the  point  of  cut-off;  and  in 
the  other  case  (to  secure  equal  conditions,  viz.,  200  thermal  units  at 
initial  temperature  at  point  of  cut  off),  800  thermal  units  are  put  into  the 
cylinder  direct,  the  result  being  the  same  in  both  cases.  Thus  no  economy 
can  result  from  the  use  of  a  jacket,  but  it  may  be  very  convenient  in  cases 
of  great  ratios  of  expansion  to  prevent  flooding  of  the  cylinder.  It  must 
not  be  forgotten  that  the  jacket  is  also  transmitting  heat  to  the  steam  and 
water  in  the  cylinder  during  the  period  of  expansion.  If  the  steam  in  the 
cylinder  has  no  water  mixed  with  it  at  the  Ijeginning  of  the  expansion  the 
jacket  will  prevent  liquefaction  due  to  expansion,  or  it  may  possibly  super- 
heat the  steam.  This  transmission  of  heat  from  a  higher  to  a  lower 
temperature  involves  a  loss.  Suppose,  for  example,  that  100  thermal  units 
were  transmitted  to  the  steam  in  the  cylinder  during  the  period  of  expan- 
sion, by  jacket  steam.  The  amount  of  loss  in  this  case  is  measured  by  the 
ditt'erence  in  the  efficiency  of  100  thermal  units  at  100  lbs.  pressure  and 
100  thermal  units  at  some  temperature  loiver  than  this.  This  argument 
also  applies  to  all  cases  where  steam  of  a  higher  pressure  gives  up  heat  to 
steam  of  a  lower  pressure,  as  happens  between  the  steam  and  exhaust  side 
of  a  slide  valve,  and  also  where  exhaust  steam  is  in  contact  with  the 
cylinder  walls. 

The  next  question  which  arises  is,  what  is  the  action  of  condensation 
as  effected  by  division  of  temperature  range  by  passing  the  steam  suc- 
cessively through  two  or  more  cylinders  ?     For  the  means-  of  compaiison 

.  us  take  as  examples  a  simple  engine  and  a  compound  ;  the  low  pres- 


INCREASED   BOILEB  PRESSURE.  51 

sure  cylinder  of  the  compound  being  of  the  same  capacity  as  the  single 
cylinder  of  the  simple  engine.  For  convenience  let  it  be  assumed  that 
in  the  case  of  the  com|X)und  engine  the  same  amount  of  steam  is  con- 
densed in  each  cylinder.  Suppose,  for  example,  that  4  lbs.  of  steam  are 
admitted  to  the  high  pressure  cylinder,  of  which  1  ll>.  is  condensed  up  to 
the  point  of  cut-off.  Assume  thjit  this  pound  of  water  will  be  re-evapo- 
rated by  the  end  of  the  stroke.  I'he  steam  is  then  admitted  to  the  low 
pressure  cylinder,  and  1  lb.  of  it  condensed  up  to  the  point  of  cut-oflT,  the 
water,  as  before,  being  re-evaporated  by  the  end  of  the  stroke. 

This  process  can  he  represented  by  a  diagram  (see  Fig.  2,  Plate  I.). 
Let  horizontal  ordinates  represent  weights  of  steam,  and  vertical  ordinates 
temperatures.  A  C  will  represent  the  3  lbs.  of  steam  present  at  point  of 
cut-off  in  the  high  pressure  cylinder.  For  the  sake  of  simplicity  let  it  be 
assamed  that  the  re-evaporation  of  the  condensed  steam  follows  the  line 
C  F,  so  that  in  the  high  pressure  cylinder  the  amount  of  loss  may  be 
represented  by  the  triangle  C  B  F,  and  similarly  in  the  low  pressure 
cylinder  by  the  triangle  E  F  J,  so  that  the  total  loss  may  be  indicated  by 
the  rectangle  E  F  J  H.  Now,  what  will  happen  in  the  case  of  the  simple 
engine?  The  sni'face  for  condensation  will  be,  roughly,  about  one-fourth 
leB8  than  before,  owing  to  the  earlier  cut-off;  but  it  is  raised  through 
twice  the  temperature. 

Under  these  conditions  it  is  probable  that  more  than  I  lb.  of  steam 
will  be  condensed,  say,  for  example,  an  amount  equal  to  K  B.  Then  the 
lo88  will  be  represented  by  the  triangle  K  J  B,  and  the  double  cylinder 
will  be  more  economical  by  the  value  of  the  triangle  K  J  C.  Of  course 
there  are  no  grounds  for  assuming  that  the  re-evaporation  takes  place  as 
indicated  here,  but  it  will  serve  to  show  why  an  economy  should  result 
^rom  divided  temperature  range. 

As  regards  the  third  cause  of  the  economy  of  the  triple  expansion 
^Jigine,  viz.,  increased  piston  speed,  the  advantage  of  this  is  evident. 
Take  the  case  of  two  identical  engines,  one,  however,  running  at  twice 
^he  number  of  revolutions  of  the  other.  The  amount  of  steam  condensed 
^'1  be  the  same  in  both  engines,  but  the  proportion  of  steam  condensed 
^  steam  passing  through  the  engine  (which  measures  the  loss)  will  be 
^ery  much  less  in  the  fast  running  engine.  Thus  an  increase  of  revolu- 
tions should  always  tend  towards  economy  of  steam.  The  increase  of 
P'ston  speed  in  the  case  of  the  triple  expansion  engine  compared  with  ihe 
^Kpoand  has  not,  however,  been  very  great.  As  pointed  out  before,  the 
^nomy  of  steam  of  150  lbs.  pressure  over  steam  of  100  lbs.  pressiuc  is 
18  per  cent.,  assuming  the  boiler  efficiency  to  be  the  same  in  both  cases. 
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The  generally  admitted  economy  of  the  triple  expansion  engine  is 
20  per  cent.,  from  which  it  would  appear  that  the  economy  has  been 
mainly  due  to  the  increase  of  the  working  pressure  and  increased  expan- 
sions, and  that  the  effect  of  the  decreased  temperature  range  in  the 
cylinders  and  increased  piston  speed  has  in  this  case  been  inappreciable. 
Using  the  formula  as  given  before  for  calculating  the  eflRciency  of  steam 
of  220  lbs.  absolute  pressure  expanded  to  5  lbs.  absolute,  we  have — 

Ti  =  851-04  degs.  Fah., 
Ta  =  623-58  degs.  Fah., 
Hi  =  646423  ft.  lbs., 
Ha  =772561  ft.  lbs., 

and  the  proportion  of  steam  liquefied  at  the  end  of  the  expansion  =  19-32 
per  cent.    The  weight  of  initial  steam — 

_-      total  heat  of  steam  at  115  lbs,  absolute  pressure 0071  qiks. 

~         total  heat  of  steam  at  220  lbs.  absolute  pressure  *"  *' 

so  that,  at  the  beginning  of  expansion,  we  have  -98713  lbs.  steam  at 

220  lbs.  absolute  pressure,  and  at  the  end  of  expansion  '79642  lbs.  steam 

at  5  lbs.  absolute  pressure  and  -19071  lbs.  water.     Heat  received  =  total 

heat  of  -98713   lbs.   steam  at   220  lbs.  absolute  pressure  =  1216-974 

thermal  units.     Heat  rejected  ?=  total  heat  of  -79642  lbs.  steam  at  4  lbs. 

absolute  =  924-344  thermal  units  +  heat  of  -19071  lbs.  water  at  same 

temperature  =  29-254   thermal   units.      924-344  +  29-254  =  953-598 

thermal  units  rejected. 

1216-974  —  953-598  =  263-376  thermal  units  utilised. 

Thermal  units  utilised  by  steam  of  165  lbs.  absolute  pressure  =  237-345. 

263-376-237-345       ,^^      ,^  , 
2-37^5 ^  ^^^  =  ^^  ^'  "^^^^ 

economy  of  steam  of  220  lbs.  absolute  over  steam  of  165  lbs.  absolute 

pressure. 

For  steam  of  265  lbs.  absolute  pressure  expanded  to  5  lbs.  absolute — 

Ti  =  867-04  degs.  Fah. 
Ta  =  623-53  degs.  Fah. 
Hi  =  637267  ft.  lbs. 
Ha  =  772561  ft.  lbs. 

The  proportion  of  steam  liquefied  at  the  end  of  expan8ion=20-l  7  per  cent. 
Weight  of  initial  steam — 

__         total  heat  of  1  lb.  steam  at  115  lbs.  absolute  pressure 00090  lu 

total  heat  of  1  lb.  steam  at  265  lbs.  absolute  pressure  " 
am  at  265  lbs.;  so  that,  at  the  beginning  of  expansion,  we  have  -98323 
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Jbs.  steam  at  265  lbs.  absolute  pressure,  aud  at  the  end  *78492  lbs.  steam 
at  5  lbs.,  and  '19831  lbs.  water.  Heat  received  =  total  heat  of  •98323  lbs. 
steam  at  265  lbs.  absolute  pressure  =  1216*974  thermal  units.  Heat  re- 
jected =  total  heat  of '78492  lbs.  steam  at  4  lb8.=  910*997  thermal  units 
+  heat  of  '19831  lbs.  water  at  same  temperature  =  30*419  thermal  units, 
910*997  +  30*419  =  941'417  thermal  units  rejected. 

1216-974  —  941-417  =  275-557  thermal  units  utilised. 

Thermal  units  utilised  by  steam  of  165  lbs.  pressure  =  237-345. 

275-557  -  237-845 


237-345 


X  100  =  16  per  cent. 


economy  of  steam  of  265  lbs.  absolute  pressure  over  steam  of  165  lbs. 
absolute  pressure. 

If,  taking  into  consideration  the  gain  of  16  per  cent,  in  steam  economy 
and  the  admitted  economy  of  high  piston  speed,  it  is  deemed  advisable 
to  increase  the  boiler  pressure  to  250  lbs.  per  square  inch,  and  also  to 
increase  the  piston  speed,  the  next  question  to  be  decided  is— What  type 
of  engine  will  best  suit  these  new  conditions  ? 

There  are  several  types  of  engine  which  could  be  adopted,  viz.,  two- 
crank  four  cylinder  tandem,  two-crank  three  cylinder  tandem,  three- 
crank  three  cylinder,  and  four-crank  four  cylinder.  The  two  first  are 
not  at  all  suitable  for  high  speeds,  so  that  the  choice  lies  between  the 
two  last. 

In  the  first  place,  the  four  cylinder  type  has  an  advantage  over  the 
three  cylinder  type  in  the  matter  of  steam  distribution,  as  the  cut-off 
must  be  much  earlier  in  the  three  cylinder  engine.  This  early  cut-off, 
besides  making  the  engines  unhandy,  only  allows  of  a  small  valve 
opening,  thus  necessitating  a  large  travel  to  get  the  requisite  steam 
opening.  The  travel  of  the  valves  is  liipited  by  the  length  of  the 
cylinders,  the  limit  being  often  reached  with  engines  of  the  present  type. 

As  regards  the  maximum  piston  speed  at  which  the  two  types  could 
be  run,  the  three  cylinder  engine  would  have  a  greater  initial  pressure  to 
counterbalance  the  inertia  of  the  moving  parts ;  but  on  the  other  hand,  the 
four  cylinder  engine  having  less  initial  pressure,  would  have  less  weight 
of  moving  parts.  As,  however,  the  weight  of  the  moving  parts  is  propor- 
tional to  the  initial  load,  the  maximum  piston  speed  will  be  the  same  for 
both  types  Another  advantage  of  the  four-crank  type  is,  that  only  two 
sets  of  valve  gear  are  required  ;  so  that,  on  the  whole,  it  would  appear 
that  the  four-crank  four  cylinder  type  of  engine  will  be  the  most  suitable 
for  the  new  conditions. 
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There  are  two  important  limits  to  the  number  of  revolutions  at 
which  an  engine  can  be  run.  The  first  limit  is  reached  when  the 
pressure  per  square  inch  of  piston  required  to  accelerate  the  reciprocating 
parts  at  the  beginning  of  the  stroke  is  equal  to  the  pressure  of  the  initial 
steam. 

"  Pounding  "  at  the  end  of  the  stroke  happens  when  the  centrifugal 
force  of  the  reciprocating  parts  is  greater  than  the  force  exerted  by  the 
steam  of  initial  pressure  on  the  other  side  of  the  piston,  so  that  at 
the  end  of  the  stroke  there  is  an  unbalanced  force  causing  a  shock, 
which  is  immediately  followed  by  another  shock  produced  by  the  steam 
of  initial  pressure  taking  up  the  "  play  "  of  the  brasses.  When  an  engine 
is  working  smoothly,  the  pressure  of  the  steam  being  compressed  behind 
the  piston,  assisted  by  the  "  lead,"  is  enough  to  overcome  the  inertia  of 
the  reciprocating  parts  before  the  crank  is  on  its  centre,  so  that  there  is 
no  jar  at  the  end  of  the  stroke. 

-The  second  limit  to  the  number  of  revolutions  is  imposed  by  the 
"  swing  "  of  the  connecting  rod.  At  or  about  half  stroke  the  transverse 
motion  of  the  connecting  rod  is  changed  in  direction,  so  that  at  that 
point  the  connecting  rod  will  exert  a  force  on  the  cross-head,  tending,  on 
the  upstroke,  to  increase  the  pressure  on  the  guide,  and  on  the  down- 
stroke  to  decrease  the  pressure  on  the  guide.  On  the  upstroke  this 
increase  of  pressure  can  be  taken  up  by  an  increase  of  guide  surface.  On 
the  down-stroke,  however,  the  connecting  rod  decreases  the  pressure  on 
the  guide,  and  if  the  revolutions  were  sufficiently  high,  the  shpper  would 
leave  the  "ahead"  guide  and  come  up  against  the  "astern''  guide. 
Under  these  conditions  it  is  very  probable  the  piston  rod  would  heat,  so 
that  the  limit  of  revolutions  would  be  reached  when  the  force  exerted  by 
the  connecting  rod  on  the  cross-head  was  equal  to  the  pressure  on  the 
guide. 

We  now  pass  on  to  the  design  of  the  cylinder  ratios,  etc.,  for  the  new 
pressure,  after  which  the  revolutions  may  be  fixed. 

The  usual  method  of  designing  cylinder  ratios,  points  of  cut-off,  etc., 
is  to  aiTange  that  the  indicated  horse-power  developed  in  each  cylinder 
should  be  tlie  same.  The  indicated  horse-power  of  each  cylinder  being 
the  same,  the  initial  loads  may  or  may  not  be  equal  (in  most  cases  they 
arc  not  equal),  and  since  the  piston  rods  and  connecting  rods  are  always 
in  duplicate,  it  follows  that  they  must  lie  designed  to  transmit  the  highest 
of  the  initial  loads. 

The  writer  ventures  to  suggest  that  cylinder  ratios,  etc.,  should  be 
designed  so  as  to  obtain  equal  initial  loads  in  each  cylinder.     By  this 
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method  the  greatest  economy  is  obtained  in  the  weight  of  the  recipro- 
cating parts,  a  very  important  point  in  high  speed  engines.  The  method 
used  in  the  present  instance  has  been  to  combine  actual  diagrams  from  a 
triple  expansion  engine  of  160  ibs.  boiler  pressure  (see  Fig.  3,  Plate  I.). 

Since  the  diagram  is  for  comparative  purposes  only,  the  cards  have 
been  set  off  without  taking  account  of  clearance  and  compression,  and 
the  steam  curve  continued  up  to  265  lbs.  pressure,  has,  for  the  sake  of 
simplicity,  been  plotted  as  a  constant  weight  curve.  The  back  pressure 
has  been  taken  at  3|  lbs.  on  the  low  pressure  piston.  The  ratios  for  the 
triple  have  been  so  arranged  as  to  give  equal  initial  loads  with  a  minimum 
of  "  drop  "  between  the  cylinders. 

It  will  be  seen  from  the  diagram  that  there  is  a  considerable  '*  drop  " 
between  the  first  and  second  cylinders.  This  is  owinj(  to  the  necessity  of 
keeping  the  first  cylinder  small,  so  that  the  cut-off  need  not  be  too  early. 
The  quadruple  has  been  arranged  on  the  same  method.  It  will  be 
noticed  that  the  -drop  between  the  cylinders  is  very  small. 

The  loss  from  drop  is  represented  very  nearly  by  the  area  of  the 
triangular  piece  ABC.  A  certain  quantity  of  heat  is,  however,  regained, 
as  the  steam  oh  expanding  into  the  receiver,  without  doing  work,  will,  if 
dry,  become  superheated,  or  if  it  contains  suspended  water,  a  portion  of  it 
will  be  evaporated,  and  become  available  for  doing  work  in  the  next 
cylinder,  from  which  it  will  be  seen  that  if  a  drop  cannot  be  avoided,  it 
will  be  best  to  arrange  it  at  the  higher  pressure,  so  that  the  greatest 
amount  of  heat  may  be  regained,  as  the  farther  the  expansion  is  carried 
the  greater  the  amount  of  heat  regained.  It  may  be  argued  that  with 
lai^e  "drops"  smaller  cylinders  may  be  used,  consequently  the  engines 
would  weigh  and  cost  less.  The  most  economical  amount  of  drop  will  be 
reached  when  the  percentage  of  loss  caused  by  any  further  "drop"  is 
greater  than  the  percentage  of  weight  saved  by  using  a  smaller  cylinder. 

These  same  considerations  apply  to  the  most  economical  number  of 
expansions  of  the  steam.  By  increasing  the  number  of  expansions  more 
work  is  obtained  from  the  steam j  but  at  the  same  time  the  engines  will 
be  larger,  and  the  limit  to  the  number  of  expansions  will  be  reached 
when  the  percentage  of  gain  due  to  any  further  increase  of  expansion  is 
less  than  the  percentage  of  weight  added  to  the  engines. 

Coming  back  to  the  diagram,  it  will  be  seen  that  the  cylinder  ratios 
of  the  triple  are  1  :  2'04r  ;  6*54,  and  for  the  quadruple  — 

1 :  2-08  :  4-46  :  10-47. 

It  will  be  noted  that,  according  to  the  diagram,  the  volume  of  the 
low  pressure  cylinder  is  the  same  for  both  engines.     It  is  probable  that 
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actually  the  low  pressure  cylinder  of  the  quadruple  will  have  a  greater 

volume;  this,  however,  will  not  introduce  any  appreciable  error  into  the 

calculations. 

For  facility  of  comparison,  let  us  take  as  an  example  a  triple  expan- 

28"  X  40"  X  71" 
sion   engine  of  j^;^ x  150   lbs.   pressure;  revolutions  =  65 

=  "  normal "  revolutions  of  the  Institution's  Rule,  and  arrange  the  cor- 
responding quadruple  to  develop  the  same  horse-power.  The  first  point 
is  to  decide  upon  the  stroke  of  the  quadruple.  It  will  be  of  advantage 
to  keep  the  stroke  as  long  as  possible,  as  the  longer  the  stroke  the  greater 
the  piston  speed  with  "normal"  revolutions;  besides  which  long  strokes 
and  consequently  small  diameters  of  cylinders  will  save  space  longitudin- 
ally, the  height  of  the  engines  being  in  merchant  vessels  generally  of 
little  consequence.  Let  the  stroke  of  the  quadruple,  then,  be  taken  at 
48  inches,  same  as  the  triple.  To  determine  the  number  of  revolutions, 
let  it  be  assumed  that  the  engines  can  be  run  safely  and  smoothly  when 
the  initial  pressure  is  equal  to  the  pressure  required  to  absorb  the  inertia 
of  the  reciprocating  parts  at  the  end  of  the  stroke,  and  when  there  is  a 
margin  of  pressure,  always  keeping  the  slipper  on  its  guide. 

Let  w  =  weight  of  reciprocating  parts  per  square  inch  of  piston. 
n  =  number  of  revolutions  per  minute. 
r  =  radius  of  crank  in  feet. 
c  =  length  of  connecting  rod  in  feet. 
Tlie  weight  of  the  reciprocating  parts  per  square  inch  of  piston  will 
probably  be — 

For  1st  cylinder  =  7*5  lbs.  per  square  inch. 
„  2nd        „      =  4-0 
3rd        „      =  2-5 


„   4th         „      =1-8 


The  pressure  per  square  inch  of  piston  required  to  accelerate  the  recipro- 
cating parts  at  the  beginniug  of  the  stroke — 

C  +  r 
p  =  -00034  X  w  X  n^x  r  X  — ^ w  for  top  centre. 

C  —  r 
p  =  -00034  X  w  X  n^x  r  X  — p h  w  for  bottom  centre. 

In  our  case — 

/?  =  146    lbs.  per  square  inch  for  1st  cylinder. 
=    70      „  „  „  2nd     „ 

=    32-5  „  „  „  Srd      „ 

=    I'^-O  „  „  „  4th      „ 


1> 
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Limit  of  revolutions — 

I8t  cylinder  /  *«P        156  revolutions. 
\  bottom  188 

2nd  cylinder  /  *^P        ^^^ 
\  bottom  178 

3rd  cylinder  /  ^P        ^^^ 
y  bottom  151 

4th  cylinder  /  *«P        ^^^ 
1^  bottom  115 

This  practically  Jimits  the  revolutions  to  100  per  minute. 

No  account  has  yet  been  taken  of  the  inertia  of  the  moving  parts  of 
the  pumps.  If  the  pumps  are  worked  off  the  fourth  cylinder,  the  revolu- 
tions must  be  reduced,  if  the  pressures  in  the  pumps  themselves  are  not 
safficient  to  overcome  the  inertia  of  the  moving  parts  at  the  beginning 
of  the  stroke. 

For  the  second  cylinder — 

^  =  70  =  -00084  xwx  1002  x  2  X  ~  -  4. 

o  0 

tv  =  ^^^Q. — r^rs — t: 777-=  =  8*8  Ibs.  pcr  square  inch  of  piston. 

•00034  X  lOO^x  2  X  10*5  t^    ^  r 

Weight  of  piston,  connecting  rods,  etc.  =  4  lbs.  per  square  inch  of  piston ; 

so  that  the  steam  in  the  second  cylinder  would  balance  8*8  —  4*0  =  4*8  lbs. 

of  pump  gear  per  square  inch  of  second  cylinder  =  '95  lbs.  per  square 

inch  of  fourth  cylinder.    The  actual  unbalanced  inertia  will  probably  not 

be  more  than  this,  so  that  the  engines  can  still  be  run  at  100  revolutions 

if  the  pumps  are  driven  from  the  second  cylinder. 

We  have  next  to  consider  the  other  limit  of  revolutions — viz.,  the 
momentum  due  to  the  transverse  motion  of  the  connecting  rod.  This  has 
been  estimated  in  the  following  manner: — The  path  described  by  the 
centre  of  gravity  of  the  connecting  rod  being  traced  oat,  an  arc  of  a  circle 
is  found  which  will  coincide  as  nearly  as  possible  with  the  curve  at  half 
stroke.  The  centre  of  gravity  of  the  rod  is  assumed  to  be  rotating  on  the 
radius  thus  found. 

This  is  perhaps  not  a  strictly  accurate  solution  of  the  problem,  but 
will  be  sufficiently  near  for  the  present  purpose. 

In  the  case  under  consideration  the  weight  of  the  connecting  rod 
proportioned  for  a  71  inch  cyUnder  =  2100  lbs.;  length  =  8  ft.  6  in.; 
centre  of  gravity,  43  in.  from  bottom  end;  radius  of  arc  coinciding  with 
path  described  by  centre  of  gravity  at  half  stroke  =  8*6  ft.;  so  that  the 
centrifugal  force  exerted  by  the  rod  will  be — 

•00034  X  2100  X  100^  X  3-6  =  25700  lbs. 
This  is  equivalent  to  10400  lbs.  acting  at  the  cross-head. 

TOI*  VU— WW.  ^ 
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The  pressure  on  the  guides 

Area  71"  x  14  x  2 


=  13000  lbs.; 


8-5 

so  that  at  100  revolutious  there  is  still  a  margin  of  2600  lbs.  to  keep  the 
shoe  on  the  guide. 

Assuming  that  by  the  increased  working  pressure  and  increased  piston 
speed  an  economy  of,  say,  10  per  cent,  can  be  effected,  the  size  of  the  low 
pressure  cylinder  of  the  quadruple  to  develop  the  same  indicated  horse- 
power as  the  triple  we  have  taken  as  an  example,  will  be — 

Area  71"  x  '9  x  65   ^2316  square  inches  =  55  inches  diameter. 

The  cylinder  ratios,  as  determined  before  by  the  diagram,  Fig.  8, 
Plate  I.,  are  1  :  2*08  :  4*46  :  10*47,  so  that  the  quadruple  engines  will 
be— 

17^  X  24^^  X  36"  X  55"^  ^50  lbs.  boiler  pressure. 
48 

Revolutions  per  minute  =  100. 

The  size  of  the  triple  engine  which  it  is  to  replace  being — 

28"  X  40"  X  71"      ,  -^  ,, 

j^;, X  150  lbs.  pressure. 

4o 

Revolutions  per  minute,  65. 

The  writer  would  suggest  that  separate  steam  and  exhaust  valves,  of 
the  piston  type,  be  adopted,  for  two  reasons :  first,  because  by  these  means 
the  steam  chests  can  be  so  arranged  that  steam  of  higher  pressure  does 
not  transmit  any  of  its  heat  to  steam  of  lower  pressure.  If,  as  pointed 
out  before,  a  certain  number  of  thermal  units  at  a  high  temperature  are 
more  valuable  than  the  same  number  of  thermal  units  at  a  lower  tem- 
perature, an  economy  should  result  from  the  proposed  arrangement.  The 
second  advantage  of  separate  valves  is,  that  they  may  be  made  multiple 
ported,  thus  economising  weight  and  space  occupied. 

Only  two  sets  of  valve  gear  will  be  required  to  work  all  the  valves, 
and  the  sequence  of  cranks  should  be  so  arranged  that  the  crank  of  the 
first  cylinder  is  at  right  angles  to  the  crank  of  the  second,  and  so  on  all 
through.  This  is  in  order  to  keep  the  exhaust  line  parallel  with  the 
atmospheric  line.  With  the  cranks  opposite  cue  another,  the  exhaust 
line,  at  the  ends  of  the  stroke,  will  be  below  tht  mean  exhaust  line,  with 
the  result  that  the  initial  load  will  be  increased  by  that  amount. 

To  sum  up,  the  writer  has  endeavoured  to  show  that  the  economy  of 
the  three-crank  triple  expansion  over  the  two-crank  compound  has  been 
mainly  duo  to  the  increase  of  boiler  pressure,  and,  to  a  small  extent,  to 
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the  increase  of  piston  speed.  That  by  increasing  the  boiler  pressure  to 
250  lbs.  per  square  inch  a  steam  economy  of,  say,  15  per  cent,  can  be 
obtained  over  the  present  three-crank  triple.  That  an  increase  of  piston 
speed  besides  increasing  the  economy  of  steam,  will  also  increase  the 
weight  economy,  so  that  the  piston  speed  should  be  increased  up  to  the 
limits  set  down  in  the  paper.  Thafc  the  best  type  of  engine  to  use  this 
higher  pressure,  and  best  adapted  to  run  at  a  high  speed,  is  the  four- 
crank  four  cylinder  engine,  with  un jacketed  cylinders  and  separate  steam 
and  exhaust  valves. 

Passing  on  to  the  question  of  the  type  of  boiler  to  be  adopted,  the 
writer  is  of  opinion  that  a  considerable  departure  from  the  present  design 
of  boiler  is  necessary,  in  order  to  make  a  satisfactory  structure  for  250 
lbs.  pressure.  With  this  pressure  difficulties  will  arise  with  the  furnaces, 
and  the  flat  sides  of  the  combustion  chambers.  To  get  over  these 
difficulties  the  writer  proposes  to  put  the  furnaces  and  combustion 
chambers  outside  the  boiler  altogether.  The  boiler  then  becomes  a 
simple  cylinder,  the  tubes  running  from  end  to  end.  As  shown  in  the 
drawing  (Plates  II.  and  III.)>  t^^  boilers  are  arranged  back  to  back,  with 
the  combustion  chambers  between  them.  The  furnaces  and  combustion 
chamber  may  be  of  cast  or  wrought  iron,  lined  with  fire-brick.  In  order 
to  keep  down  the  grate  surface^  and  thus  economise  space  athwartships, 
it  will  be  of  advantage  to  use  forced  draught,  and  all  the  air  on  its  way 
to  the  furnaces  is  made  to  pass  over  the  top  and  sides  of  the  combustion 
chamber,  thus  reducing  to  a  minimum  any  loss  from  radiation. 

The  advantages  of  a  boiler  of  this  type  are  obvious.  It  is  perfectly 
suitable  for  a  high  pressure.  There  will  be  no  straining  from  unequal 
temperatures.  The  cost  of  manufacture  will  be  considerably  less  than 
that  of  the  present  type  of  boiler.  For  the  same  heating  surface  the 
space  occupied  is  less  ;  the  boiler  shown  on  Plates  II.  and  III.  is  10  feet 
6  inches  diameter,  and  contains  the  same  heating  surface  as  a  boiler  of 
the  present  type  13  feet  6  inches  diameter,  the  lengths  in  both  cases 
being  the  same. 
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DISCUSSION. 

Mr.  B.  Hall-Brown  opened  the  discussion.     Having  called  the 
attention  of  the  meeting  to  the  following  table  : — 

Mabikb  Ekoikb  Trials  by  thb  Institutb  op  Mbchanioal  Ekoinbbbs. 


Name  of  Ship. 


Kind  of  engine 

Feed  water  not  accounted 
for  by  diagrams,  princi- 
pally initial  condensation 

Total  water  used  per  I.H.P. ') 
per  hour    ) 

Ratio  of  heat  turned  into  | 
work  to  total  heat  ab-  > 
sorbed  by  feed  water        ) 

Mean  boiler  pressure 

Mean  revolutions  per  min. ... 


S.S.  "Meteor. 


Triple. 

H.P.  22*9  per  cent. 
l.P.   19-8 
L.P.  24-7 


>» 


i» 


14-98  lbs. 

16*1  per  cent. 

145-2  lbs. 
71-78 


«• 


FoBlTsma.* 


Compound. 
H.P.  16*9  per  cent. 

L.P.  29-2  per  cent. 
21-17  lbs. 

11*25  per  cent. 

56*84  lbs. 
55-54 


'Oolohester.' 


Compound. 
H.P.  28  per  cent. 

L.P.  47*3  per  cent. 
2173  lbs. 

10*7  per  cent. 

80-5  lbs. 
86  and  871 


KoTBS. — The  cylinders  of  the  "  Meteor  "  were  jacketed  on  the  barrels  only.  The 
cylinders  of  the  "  Fusi  Yama  *'  and  "  Colchester  '*  were  unjacketed.  The  **  Colchester  " 
is  a  twin  screw  steamer,  and  the  revolutions  given  are  for  the  two  engines. 

He  then  proceeded  to  say  that  he  thought  that  they  mast  all  agree 
that  the  paper  they  had  just  heard  read  exhibited  considerable  ingenuity, 
at  the  same  time  he  was  sorry  to  say  he  could  not  agree  with  very  many 
of  the  results  obtained.  In  the  first  place,  the  formula  which  was  given 
merely  represented  one-half  of  the  truth,  viz.,  the  water  condensed  during 
adiabatic  expansion  in  a  steam  engine.  The  writer  gave  the  for- 
mula as  representing  the  hquefaction  during  expansion,  but  the  amount 
of  liquefaction  during  admission,  or,  as  it  was  usually  termed,  the  initial 
condensation  was  entirely  left  out  of  the  question.  Now  he  (Mr.  Hall- 
Brown)  thought  that  of  the  two  probably  the  initial  condensation  was  the 
more  important.  He  had  here  put  down  some  results  from  the  Institution 
of  Mechanical  Engineers'  trials  of  the  "Meteor,"  "Fusi  Yama," 
and  "  Colchester."  From  these  figures  it  would  be  seen  that  in  the  case 
of  the  "  Meteor  "  (triple)  the  amount  of  water  missing  at  the  end  of  the 
expansion  was  only  slightly  greater  than  at  the  beginning,  showing  that 
during  expansion  there  had  nob  been  much  increase  in  the  condensation; 
at  any  rate  it  showed  initial  condensation  to  be  an  important  fiactor, 
amounting  in  this  case  to  22*9  per  cent,  of  the  total  feed  water,  while 
the  condensation  during  expansion,  as  calculated  by  the  writer,  is  only 
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16  per  cent,  in  a  triple.  In  the  case  of  the  "Fusi  Yama"  the  initial 
condensation  was  20*9,  and  the  **  Colchester "  28  per  cent.  These 
figures,  22*9,  20*9,  and  28  per  cent,  were  figures  entirely  left  out  of  the 
writer's  calculations,  although  they  were  evidently  important  factors  in 
the  economy  of  the  steam  engine.  To  proceed  further,  the  writer  of  the 
paper  said  that  the  condensation  in  the  steam  cylinders  could  be  lessened 
to  a  considerable  extent  by  means  of  the  steam  jacket,  but  no  economy 
whatever  could  result  from  this.  He  quite  agreed  with  the  writer  that 
the  condensation  would  be  lessened,  but  very  much  disagreed  with  him 
regarding  the  economy.  He  (Mr.  Hall-Brown)  was  perfectly  convinced  that 
economy  could,  and,  as  a  general  rule,  would,  result  from  the  steam  jacket, 
one  reason  for  this  was  that  it  cost  less  to  get  the  cylinder  walls  dry  than 
would  be  lost  by  condensation  if  the  cylinder  walls  were  wet.  Dry  cast 
iron  did  not  conduct  heat  from  steam  at  the  same  rate  as  wet  cast  iron, 
and  the  initial  condensation  in  a  wet  cylinder  was  very  great  as  com- 
pared with  the  condensation  in  a  dry  cylinder.  This  was  illustrated  by 
Mr.  Willans  in  his  remarks  on  the  marine  engine  trials  before  mentioned. 
He  stated  that  he  had  had  a  steam  cylinder  which  would  be  usually 
considered  very  well  drained  indeed  as  the  port  was  at  the  bottom.  This 
cylinder  was  totally  unjacketed.  He  found  there  was  a  considerable 
amount  of  condensation,  but  by  putting  a  little  pipe  round  the  bottom 
on  the  inside  and  admitting  steam  for  five  minutes  the  cyUnder  was 
dried  and  kept  dry  during  the  whole  trial,  and  the  increase  of  power 
from  the  same  quantity  of  steam  was  very  considerable.  He  did  not 
remember  the  figures,  but  practically  the  cost  was  nothing,  because  the 
steam  was  only  going  through  the  pipes  for  a  few  minutes  at  the 
beginning  of  the  trial.  It  was  a  steam  jacket  and  increased  the  duty  of 
the  engine  very  materially,  while  the  steam  condensed  in  it  was  almost 
nothing.  That  showed  the  steam  jacket  might  produce  economy.  Still 
more  important,  however,  there  had  been  a  collection  of  trials  published 
by  the  Mechanical  Engineers,  and  that  report  was  most  instructive.  It 
comprised  43  tests  of  various  engines  with  and  without  the  jackets  in 
use.  Each  engine  was  tried  with  the  jackets  working  and  without,  and 
in  some  instances  the  reduction  in  the  consumption  of  water  amounted 
to  40  per  cent.  These  were  facts  they  must  deal  with,  whatever  their 
opinions  might  be  on  the  matter.  He  must  say  that  in  reading  through 
this  paper  he  had  been  rather  at  a  loss  to  picture  the  style  of  engine 
described.  JEEe  thought  it  would  have  been  a  great  advantage  if  the 
writer  could  have  given  them  a  drawing  of  the  engine,  because  a  four 
cylinder  engine,  with  four  cranks,  and  eight  valves,  driven  by  two  sets 
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of  valve  gear,  was  diflScult  to  picture  in  the  mind.  Another  point 
advocated  by  the  writer  was  separate  steam  and  exhaust  valves.  He 
(Mr.  Hall-Brown)  thought  there  could  be  no  doubt  that  this  would  be 
conducive  to  economy  provided  the  valves  were  of  the  right  sort,  but  they 
could  make  a  very  bad  engine  with  separate  steam  and  exhaust  valves  as 
well  as  in  any  other  way.  He  thought  the  steam  and  exhaust  valves 
should  not  be  piston  valves,  because  that  type  had  the  inherent  defect 
that  the  area  of  the  surface  of  the  clearance  space  was  necessarily  very 
large,  and  to  put  two  piston  valves  where  at  present  there  was  one  would 
probably  increase  the  exposed  surface  by  at  least  30  per  cent.,  which 
would  be  a  decided  loss,  for  which  he  did  not  think  the  advantage  of 
having  two  valves  would  compensate.  With  Corliss  valves,  or  even  small 
slide  valves,  he  thought  an  increase  in  economy,  as  the  writer  said,  might 
be  attained.  The  writer's  diagram,  from  which  he  deduced  the  ratio  of 
the  cylinders,  makes  no  allowance  for  any  clearance  space.  He  rather 
thought  that  took  away  from  any  value  the  diagram  might  have.  He 
could  not  see  how  anyone  could  deduce  the  ratio  of  cylinders  without 
showing  the  clearance  space,  for  this  must  have  a  material  effect  upon 
the  ratio  of  the  cylinders,  even  if  the  compression  was  so  great 
as  to  carry  the  compressed  steam  up  to  the  j)ressure  of  the  ingoing: 
steam.  He  thought  the  ratio  given  by  this,  diagram  must  be 
taken  with  hesitation.  Still  further,  when  they  found  the  ratio 
given  for  the  quadruple  engine  was  10-47,  he  (Mr.  Hall-Brown) 
thought  the  writer  would  require  to  give  clearer  reasons  for  advocating 
such  an  extreme  ratio  before  it  would  be  tried  with  any  confidence. 
The  best  ratio  of  each  style  of  engine  could  only  be  found  by  experi- 
ments ;  but  from  any  experience  he  had  had,  he  thought  that  the 
condensation  in  cylinders  having  such  a  ratio  as  this,  especially  in  an 
unjacketed  engine,  would  certainly  be  very  great,  and  the  engine  would 
be  far  from  economical. 

Mr.  T.  Westgarth  took  exception  to  the  statement  that  the  best  • 
description  of  engine  is  a  four-crank  engine.  He  thought  that  a  mistake. 
The  benefit  of  the  three-cranks  had  been  so  great  that  before  any  change 
came  to  be  thought  of  some  sound  reason  would  have  to  be  given. 
There  had  been  a  great  improvement  in  the  life  of  crank  shafts  since 
the  three-cranks  came  into  vogue.  The  three-crank  engine  is  a  sweeter 
working  and  better  working  engine  than  any  four-crank,  at  right  angles, 
as  was  proposed.  He  thought  the  paper  was  something  like  a  lady's 
letter,  for  the  best  part  was  in  the  postscript.  The  author  had  left 
what  was  the  most  important  matter  to  the  end,  that  was  the  boiler. 
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Great  attention  is  given  to  the  engines,  but  very  little  to  the  boilers. 
This  is  so  in  the  designing  offices  as  well  as  in  the  practical  depart- 
ments of  manufacture,  and  it  is  a  very  great  mistake.  Referring  to 
the  boiler  which  the  author  proposed,  he  thought  it  would  be  very 
much '  better  if  they  put  the  fire  directly  under  the  boiler  instead 
of  casing  it  in  a  sort  of  furnace.  He  believed  that  the  heat  which  acted 
upon  the  plates  of  the  boiler  was  much  more  efficient  than  any  other, 
and  the  author  seemed  to  lose  direct  heating  surface  in  his  proposal.  It 
might  be  said  that  some  dirt  and  sediment  would  settle  to  the  bottom,  but 
he  had  had  marine  type  boilers  running  from  three  to  four  yeans  with  the 
flues  carried  under  the  bottom,  with  no  trouble  from  dirt  whatever,  and 
the  results  most  satisfactory.  The  proposed  boiler  would,  he  thought, 
have  a  tendency  to  prime  unless  more  space  be  left  between  the  tubes  for 
the  steam  to  get  away,  as  the  nests  of  tubes  were  so  deep.  He  thought  the 
chief  difficulty  of  this  boiler  would  be  in  the  combustion  chambers. 
They  all  knew  something  of  the  troubles  being  experienced  with  the  tubes 
in  boilers  under  forced  draught,  and  he  was  able  to  give  them  the  result  of 
some  actual  boilers  at  work  on  something  like  the  lines  the  author  pro- 
posed. A  few  years  ago  he  was  connected  with  the  building  of  several 
boilers  at  Hull  similar  to  that  proposed  by  the  author,  except  that  they 
were  fitted  with  ordinary  furnaces  ;  and  it  was  next  to  impossible  to  keep 
the  back  ends  in  order.  Mr.  Spear,  Messrs.  Wilson's  superintendent, 
had  some  of  those  boilers  at  work :  he  had  written  to  ask  him  for  the 
result,  and  his  reply  might  be  interesting  to  them.  Mr.  Spear  says  : — 
"  We  have  had  two  sets  of  main  boilers  with  combustion  chambers  similar 
to  the  tracing  sent,  viz.,  the  '  Tasso  '  and  '  Argo.'  The  '  Sea  Horsj '  also 
had  a  similar  arrangement.  None  of  these  gave  satisfaction,  the  tubes 
were  always  leaking  and  plates  cracking,  but  I  think  some  of  it  must  have 
been  due  to  bad  work,  and  in  *  Tasso '  and  '  Sea  Horee '  the  furnaces  were 
flanged  with  a  very  short  curve,  and  the  tubes  were  close  to  furnace  tops.  I 
see  no  reason  why  a  combustion  chamber  such  as  you  show  should  not  be  all 
right,  but  my  own  experience  has  been  against  them."  Then  he  wrote  to 
Mr.  Carson,  of  Hull,  who  also  has  some  of  the  same  boilers  at  sea,  and  he 
replied  at  some  length,  and  gave  valuable  experiences.  He  said : — "  I  have 
carefully  examined  the  photo  you  sent,  and  will  give  you  my  candid  opinion 
based  on  my  experience  of  brick  combustion  chamber  boilers  over  the  last 
fourteen  years.  The  great  trouble  I  have  had,  and  still  have  (as  I  still  possess 
five  of  these  boilers  afloat),  is  the  keeping  of  the  tubes  and  landings  of 
plates  at  the  back  end  from  heavy  leaking.  I  have  tried  every  conceivable 
way  of  keeping  the  flames  off  the  tube  ends  and  landings,  have  built 
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protecting  bridges,  baflBe  walls,  etc.,  but  all  to  do  purpose.  We  cannot 
stop  the  leaks.  I  have,  therefore,  done  away  with  all  the  rubbish  at  the 
back  ends,  and  left  the  whole  thingas  it  was  originally ;  but  I  have  fitted 
internal  heaters  and  circulators  with  connections  to  the  feed  donkey  ;  and 
thus  with  the  careful  attention  of  the  engineer  in  the  matter  of  opening 
only  one  fire  door  at  a  time  when  firing,  putting  on  the  draught  plates  on 
furnace  bottom,  closing  dampers  when  standing  instead  of  opening  the 
furnace  doors  as  is  usually  done,  and  also  when  done  with  steam,  closing 
all  up,  letting  the  fires  die  out  gradually,  and  the  boilera  cool  gradually 
down."  So  they  saw  it  was  evident  he  had  very  great  trouble  to  get 
these  boilers  to  stand.  It  was  very  easy  to  give  orders  as  to  the  working 
of  boilers,  but  difficult  to  get  them  carried  out.  Then  he  (Mr.  Carson) 
gave  his  opinion  upon  the  boiler  proposed  which  was,  perhaps,  valuable  : — 
"  I  think  you  will  have  trouble  with  your  design  of  boiler  the  same  as  I 
have  had.  I  almost  think  you  will  have  some  trouble  with  the  brick 
work  on  top  of  the  furnaces,  especially  with  the  forced  draught.  I  also 
think  the  temperature  of  the  escaping  gases  in  the  funnel  will  be  very 
high.  Could  you  not  arrange  for  the  gases  to  pass  twice  through  each 
nest  of  tubes  instead  of  once  ;  you  would  find  this  very  much  more 
economical,  and  it  would  make  a  very  compact  and  symmetrical  arrange- 
ment, the  uptake  being  in  the  middle  instead  of  having  to  be  carried  over 
the  top  of  both  boilers.  The  boilers  will  be  cheap  to  manufacture,  will 
be  lighter  both  in  iron  and  water,  and  if  you  can  prevent  the  leakage  at 
the  back  end  ought  to  be  almost  everlasting  in  wear."  One  other  thing 
he  would  bring  under  their  notice  in  discussing  boilers  of  an  improved 
type.  His  friend,  Mr.  Carson,  had  had  the  courage  not  only  to  invent  but 
to  put  into  a  ship  a  new  style  of  boiler.  He  sent  him  a  drawing,  and 
thought  it  might  be  interesting.  It  was  actually  at  work,  and  doing  very 
good  work.  (See  Plate  IV.)  He  brought  the  gases  through  the  lower 
tubes,  and  back  through  the  upper  rows.  He  said  that  with  180 
lbs.  working  pressure  the  water  evaporated  is  10-1  lbs.  per  lb.  of  coal, 
burning  20*3  lbs.  per  square  foot  of  gi'ate,  and  the  coal  with  quadruple 
engines  1*21  lbs.  per  indicated  horse-power.  These  figures  seemed  rather 
extreme,  but  they  were  the  results  of  careful  experiment  and  actual  work. 

Mr.  RoBT.  Thompson,  in  regard  to  the  number  of  revolutions,  said 
the  economy  of  that  depended  very  much  upon  the  form  of  the  ship  they 
had  to  drive,  and  that,  of  course,  came  back  upon  the  question  of  pro- 
peller. If  they  were  going  to  run  at  100  revolutions,  then  to  get  the 
best  result  from  these  revolutions,  in  designing  they  had  to  specially  con- 
the  form  of  the  ship  into  which  they  were  going  to  put  the  machinery. 
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From  his  experience  there  had  been  a  great  gain  from  the  triple  expan- 
sion engine.  In  this  paper  credit  was  given  to  the  boilers,  bat  from 
his  observation  much  of  the  gain  was  from  three  as  compared  with  two- 
cranks  giving  a  more  regular  running  engine,  and  thus  more  effective 
power  in  driving  the  ship.  He  liked  to  see  papers  of  this  kind  because 
it  brought  out  discussion,  and  all  discussion  tended  to  do  good  and 
to  prevent  mistakes,  and  gave  them  new  ideas.  What  he  would  like  to 
know  was  if  the  quadruple  expansion  was  not  actually  bringing  the 
engine  back  to  the  double-cranked  engine,  because  where  the  cranks  were 
fitted  in  the  way  named  in  the  paper,  the  direction  of  the  force  was  the 
same  as  in  the  ordinary  double-cranked  engine  ? 

Mr.  J.  B.  FoTHERGiLL  Said  he  thought  this  was  unquestionably  a 
very  able  paper,  but  it  was  a  paper  somewhat  theoretical  in  its  aspect,  and 
to  enter  fully  upon  that  side  of  the  question  required  more  time  for  its 
consideration  than  he  had  been  able  to  give,  and  thus  he  did  not  propose 
to  criticise  the  various  calculations  the  author  had  put  forth.     He  (Mr. 
Fothergill)  believed  that  in  the  near  future  they  would  have  the  quad- 
ruple engine  with  higher  pressures.     When  the  triple  expansion  was 
introduced,  there  were  endless  predictions  as  to  its  failure.    Difficulties 
apprehended  in  general  arrangement  of  details,  difficulties  the  outcome  of 
pressure  and  heat,  and  difficulties  in  general  working.      Well,  triple 
expansion  with  160  lbs.  pressure  was  an  accomplished  fact,  and  all  those 
foretold  difficulties  had  with  time  gradually  disappeared,  and  he  had  no 
reason  to  doubt  but  that  in  a  few  years  the  quadruple  would  prove  a 
practical  success.     With  the  introduction  of  higher  pressures  he  hoped  to 
see  a  bold  advance  made,  for  it  appeared  to  him  there  must  be  a  material 
increase  in  the  pressure  to  give  an  economy  commensurate  with  the  extra 
capital,  outlay,  and  up-keep.     The  saving  effected  by  increasing  from 
80  lbs.  in  the  compound  to  165  lbs.  in  the  triple  gave,  in  round  figures, 
20  per  cent.     By  increasing  from  165  lbs.  in  the  triple  to  265  lbs.  in  the 
quadruple,  saving  would  be,  in  round  figures,  16  per  cent.,  but  the  16  per 
cent,  saved  would  be  effected  on  a  less  quantity  of  coal  than  was  the  20 
per  cent. ;  therefore  the  practical  gain  due  to  265  lbs.  pressure  as  com- 
pared with  the  165  lbs.  over  the  80  lbs.  would  be  a  material  different 
amount  in  £  s.  d.     He  was  therefore  very  emphatic,  if  anything  was  to 
be  done  at  all  in  quadrupling  we  should  have  not  less  than  265  lbs. 
pressures,  and  this  brought  them  to  that  difficuU  problem — the  boiler. 
Many  designs  had  been  conceived,  and  much  ingenuity  expended  on  this 
subject,  and  yet  the  old-fashioned  type  of  boiler  at  present  in  use  had  not 
been  supplanted,  and  he  thought  when  its  many  practical  advantages  were 
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fully  realised  it  was  not  difficult  to  understand  why  it  held  its  own  against 
all  comers,  and  yet  he  must  confess  he  thought  it  would  be  a  difficult 
pro])lem  to  continue  its  use  to  265  lbs.  pressure.  He  could  not  say  he 
favoured  the  boiler  proposed  by  the  writer  of  this  paper.  It  was  a  boiler 
essentially  dependent  upon  tube  heating  surface,  and  although  the  total 
square  feet  of  heating  surface  in  this  boiler  might  be  the  same  as  in  the 
ordinary  type  of  boiler,  yet  it  would  not  be  anything  like  so  effective. 
Where  they  got  direct  impact  of  flame,  i.e.,  the  hot  gases  or  flame  striking 
the  plates,  more  particularly  at  right  angles  they  got  a  very  much  higher 
evaporative  efficiency.  Some  very  instructive  experiments  had  been  made 
to  test  the  relative  efficiency  of  different  portions  of  the  boiler.  The 
experiments  were  conducted  by  well-known  authorities — Messrs.  B.  Woods, 
J.  Dewrance,  C.  W.  Williams,  J.  Graham,  and  others  both  in  this  country 
and  in  France.  Mr.  J.  Graham  carried  out  a  long  series  of  experiments 
to  practically  test  the  action  of  radiant  heat  and  the  direct  action  of  the 
gases  and  flame  impinging  upon  the  plate.  He  placed  fonr  open,  flat- 
bottom  tanks,  12  inches  square,  in  a  row  as  per  sketch  : — 


The  grate  was  12  inches  square  direct  under  the  first  tank.  The  first 
tank  showed  the  direct  heating  effect  of  fire  ;  the  second  the  effect  of  an 
equal  surface  of  blaze  ;  the  third  and  fourth  the  effect  of  heated  air  only. 
With  a  moderately  strong  draught  the  quantities  of  water  evaporated  per 
hour  were  proportionally  : — 

1st  tank  as  100 

du  Uvl  ,,  ...  ...  ...  ...  si  4 

0 1  vl  yj  ...  ...  .••  ...  xd 

Tk£  vL  ..  ...  ...  ...  ...  O 

thus  two-thirds  of  the  whole  evaporation  was  effected  from  the  first  tank, 
by  the  joint  action  of  radiant  heat  and  carried  heat,  and  only  a  twentieth 
from  the  last  tank.  Mr.  Graham  then  carried  out  a  second  series  of 
experiments  with  three  cylinders  ^  inch  thick,  3  feet  diameter,  and  3  feet 
long,  open  to  the  atmosphere,  which  were  placed  similarly  as  in  the  above 
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sketch.  The  heating  snr&ce  of  the  Ist,  2iid,  and  3rd  cylinders  were 
10*58,  14'18,  and  14-18  feet  respectively.  The  comparative  quantities 
of  water  evaporated  were : —  . 

Ist  tank  as  100 

2UU  ••  ...  ...  ••*  .••  dt/d 

OrU        yy  •••  •••  •••  •••  x/x 

Here,  again,  we  find  the  evaporative  efficiency  of  the  first  boiler  exposed 
to  the  action  of  radiant  heat  is  about  two-thirds  of  the  whole  evaporation. 
Messrs.  Wood  and  Dewrance  carried  out  a  series  of  experiments  with 
a  locomotive  boiler  in  which  the  tubes  were  5i  feet  long.  The  barrel  of 
tiie  boiler  was  divided  into  six  compartments  by  vertical  diaphragms. 
The  first  compartment  6  inches  long,  and  each  of  the  others  12  inches 
kmg.  It  was  found  that  the  evaporative  efficiency  of  the  first  compart- 
ment was  about  the  same  per  square  foot  as  that  of  the  fire  box,  that  of 
the  second  compartment  about  one-third  of  that  value,  and  that  of  the 
remaining  compartments  very  small.  The  first  6  inches  of  tubes  did 
more  work  than  the  remaining  60  inches.  M.  Petiet,  of  the  Northern 
Railway  of  France,  carried  out  a  series  of  very  complete  experiments  with 
a  locomotive  boiler  in  which  the  barrel  was  divided  into  four  sections, 
each  8  feet  in  length,  and  having  a  length  of  3^  inches  of  tubes  attached 
to  the  fire  box.     The  results  were  as  follows  : — 


Square  Feet 
Heating 
Surface. 

Lbs.  Water 
Evaporated 
Per  Hour. 

76-43 

...     24-6 

179 

...       8-72 

179 

...       4-42 

179 

...       2-52 

179 

...       1-68 

1st  section  (fire  box  and  3^  inches  of  tubes) 
2nd     „       tubes 

ord       ,,  ,.  ...  ...  ... 

wcLLi        ,,  ,,  ...  *••  ... 

VwU  ,,  J*  •••  ...  ... 

"We  thus  see  that  the  fire  box  section  evaporated,  in  round  figures,  30  per 
cent,  more  water  than  the  tube  section,  although  the  area  of  tube-heating 
Burfaoe  was  nearly  ten  times  that  of  the  fire  box.  Mr.  C.  W.  Williams 
made  many  experiments  with  single  tubes  through  a  tank  divided  into 
compartments.  The  first  compartment  was  6  inches  long,  and  the  four 
other  compartments  each  12  inches  long.  The  comparative  quantities 
evaporated  were  : — 

1st  compartment,  say        ...  100 

^nci  ,,  ...  '*•         ...  42*6 

3rd  „  26*0 

4th  „  20'0 

vXfti  ,,  ...  ...  ..  lo'o 
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He  (Mr.  Fothergill)  felt  he  had  dwelt  at  some  length  on  thifl  subject,  but 
he  thought  they  would  agree  with  him  that  any  consideration  of  the 
boiler  question  in  the  face  of  a  probable  endeavour  to  introduce  an  entirely 
new  design  was  a  subject  of  the  greatest  importance,  and  he  thought  he 
had  been  able  to  show  conclusively  that  the  boiler  of  the  future  would 
have  to  be  designed  to  take  full  advantage  of  radiant  heat  and  impact  of 
the  gases,  which  he  held  was  not  the  case  with  the  boiler  proposed  by  the 
author  of  this  paper.  The  author  alluded  to  forced  draught.  He  (Mr. 
Fothergill)  was,  of  course,  a  strong  advocate  for  forced  draught,  and  he 
felt  certain  when  it  was  better  understood  it  would  become  more  general. 
There  was  no  risk  of  damage  to  boilers  when  using  moderate  air  pressures. 
If  boilers  were  kept  clean  and  an  ashpit  W.Gr.  pressure  not  exceeding 
I  inch  used,  there  was  no  doubt  whatever  as  to  the  advantage  and 
economy.  He  agreed  with  Mr.  Hall-Brown,  that  when  the  steam  jacket 
was  properly  applied,  and  a  sufficient  staff  to  give  it  the  necessary 
attention,  it  was  unquestionably  economic ;  but  he  held  the  want  of 
reliable  automatic  appliances  and  general  attention  so  far  as  cargo  boats 
were  concerned,  more  economy  would  be  got  out  of  the  steam  by  putting 
it  into  the  cylinders. 

The  President,  referring  to  Mr.  FothergilFs  sketch  on  page  66, 
asked :  suppose  the  fir^t  tank  was  removed  entirely  and  none  of  the  heat 
taken  away  by  it,  did  the  experiment  show  how  much  heat  was  taken  up 
by  the  other  tanks  ? 

Mr.  Fothergill  said  he  did  not  think  so.  The  principal  object  of 
these  experiments  was  to  show  the  value  of  radiated  heat  from  the  fuel 
on  the  grate,  and  the  impact  of  the  flame  or  hot  gases.  He  was  of  the 
opinion  if  the  first  tank  was  taken  away  the  efficiency  of  the  second 
would  increase,  but  he  thought  it  would  fall  very  far  short  of  100. 

Mr.  Hall-Brown  said  it  seemed  he  had  not  made  himself  at  all 
clear  in  the  first  remarks  he  made.  What  he  meant  was  this : — The 
formula  given  in  this  paper  was  merely  meant  to  take  into  account  the 
losses  during  adiabatic  expansion  ;  and  as  this  was  the  minor  loss,  the 
greater  loss  being  the  initial  condensation,  he  maintained  this  formula 
had  very  little  bearing  upon  the  economy  of  steam  engines. 

Mr.  Wbstgarth  begged  leave  to  supplement  his  remarks.  The 
author  of  the  paper,  he  said,  concluded  that  the  best  engine  was  the 
quadruple  engine  with  four-cranks.  He  quite  agreed  with  him  and  with 
Mr.  Fothergill  as  to  the  necessity  of  advance  in  pressures.    "What  he 
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contended  for,  however,  was  not  to  give  up  the  three-cranks.  They 
could  have  the  quadruple  engine  and  three-cranks  by  placing  the  fourth 
cylinder  on  top  of  one  of  the  others,  or  by  other  arrangements. 

Mr.  J.  M.  Allan  said  there  was  a  question  he  would  like  to  raise. 
In  this  paper  the  author  spoke  of  the  limiting  of  the  piston  speed.  Sup- 
posing it  to  be  suitable  for  a  ship  to  have  engines  running  at  more  than 
100  revolutions,  he  assumed  that  because  the  piston  was  71  inches  diameter 
100  revolutions  would  be  about  the  maximum  it  would  be  possible  to 
run,  owing  to  the  inertia  of  the  reciprocating  parts.  There  were  many 
instances  of  cylinders  of  nearly  100  inches  running  at  above  100  revolu- 
tions. So,  then,  it  was  perfectly  plain  that  engines  could  be  safely 
worked  at  those  number  of  revolutions,  and  with  a  much  greater  piston 
speed.  In  calculating  the  pressures  required  for  the  acceleration,  it  was 
usual  to  assume  that  the  whole  mass  of  piston,  rod,  and  connecting  rod 
is  centred  about  the  crank,  and  the  result  found  by  the  formula  taken. 
Before  the  piston  reached  the  end  of  the  stroke  either  top  or  bottom  it 
must  come  to  rest.  So  they  had  only  to  overcome  the  dead-weight,  and 
not  any  energy  due  to  velocity.  There  was  a  pressure  of  14  lbs.  per 
square  inch  given  to  accelerate  this  piston ;  but  that  was  if  it  was  running 
at  maximum  velocity,  at  the  velocity  of  the  crank  about.  Instead  of 
that  he  said  the  piston  when  commencing  was  nil,  and  had  gradually  to 
be  accelerated,  and  this  14  lbs.  seemed  too  much.  If  they  prepared  a 
diagram  of  the  velocities,  and  compared  it  with  the  crank,  they  could 
get  out  the  acceleration  ;  and  if  in  this  case  they  were  to  divide  the 
circumference  of  the  crank's  circle  into  10  degree  divisions  the  pressure 
required  to  accelerate  would  be  obtained  from  the  distance  travelled  by 
the  piston  while  the  crank  was  travelling  through  10  degrees,  a  small 
amount,  which  instead  of  being  14  lbs.  would  probably  be  only  one-half  of 
it.  So  to  speak  of  limiting  the  speed  of  piston  from  a  calculation  like  that 
was,  he  thought,  misleading. 

Lieut.-Col.  English  said  he  could  not  follow  at  all  the  author's 
argument  that  there  would  be  no  economy  by  jackets.  The  writer  of  the 
paper  took  two  cases — of  a  jacketed  and  unjacketed  cylinder — and  sup- 
posed in  the  first  that  200  thermal  units  per  stroke  had  been  put  into  the 
cylinder,  and  100  thermal  units  into  the  jacket,  and  to  obtain  the  same 
conditions  in  the  other  case  800  thermal  units  were  put  into  the  cylinder 
direct.  From  this  the  author  concluded  that  the  result  was  the  same  in 
both  cases.  He  (Lieut.-Col.  English)  could  not  see  how  there  was  any  illus- 
tration at  all  of  the  effect  of  the  jacket  if  one  stroke  of  the  engine  only  was 
considered  ;   but  if  the  100  thennal  units  put  into  the  jacket  were 
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snfficient,  as  assumed,  to  prevent  condensation,  it  most  be  by  bringing 
the  interior  surfi^ce  of  the  walls  to  a  temperature  equal  to  or  exceeding 
that  of  the  incoming  steam,  when  they  would  remain  dry  throughout  the 
stroke ;  and  this  effect  might  last  for  an  indefinite  number  of  strokes 
without  requiring  a  fresh  supply  of  heat  to  the  jacket.  As  a  matter  of 
experiment,  there  was  no  doubt  but  that  careful  trials  of  the  jacket  had 
a  very  different  result  from  that  assumed  by  the  author.  One  of  the 
last  trials  of  the  Committee  on  Steam  Jackets  of  the  Institution  of 
Mechanical  En^neers  was  carried  out  on  a  compound  engine  under  his 
(Lieut.-Col.  English's)  control  at  Woolwich.  It  showed  in  two  experi- 
ments where  the  horse-power  was  the  same,  with  a  pressure  of  about 
60  lbs.,  that  the  effect  of  jacketing  was  an  economy  cf  over  20  per 
cent,  in  this  particular  engine. 

The  President — Can  you  tell  us  the  speed  of  the  piston  ? 

Lieut.-Col.  English — It  was  4  feet  stroke  and  about  60  revolutions  per 
minute.  In  discussing  the  effect  of  surface  exposed  to  initial  condensa- 
tion in  simple  and  compound  engines  respectively,  the  author  said  that 
the  sur^Eioe  was  raised  in  a  simple  engine  to  twice  the  temperature  that 
it  had  in  a  compound  engine,  and  that  this  would  serve  to  show  why  an 
economy  should  result  from  divided  temperature  range.  So  far  as  he 
knew,  there  had  been  no  experiments  at  all  to  prove  that  the  surface 
of  the  cylinder  was  raised  or  lowered  to  the  full  amount  of  the  range  of 
temperature  of  the  steam.  Experiments,  so  far  as  they  went,  showed 
the  range  of  temperature  of  the  inner  surface  of  the  metal  was  con- 
siderably less  than  the  range  of  temperature  of  the  sceam.  Then  the 
author  regarded  the  economy  of  engines  with  increased  piston  speed  as 
very  evident.  It  seemed  to  him  (Lieut.-Col.  English)  that  the  author  was 
mixing  up  increased  piston  speed  and  increased  number  of  revolutions. 
No  doubt  a  large  number  of  revolutions  per  minute  had  a  very  marked 
effect  in  reducing  condensation ;  but  here,  again,  there  was  no  experi- 
mental evidence  to  show  that  the  actual  piston  speed,  that  is,  the  number 
of  feet  travelled  through  per  minute,  had  any  effect  at  all  on  condensa- 
tion. It  seemed  a  pity  that  in  a  paper  like  this  so  little  reference  was 
made  to  the  results  of  actual  experiment.  He  (Lieut.-Col.  English)  could 
not  see  how  the  diagram  (Fig.  1,  Plate  1)  represented  the  conditions 
in  a  steam  cylinder.  If  a  known  weight  of  steam  were  introduced  into  a 
hot  cylinder,  and  then  partially  condensed  until  the  pressure  fell  to  a 
definite  amount  during  expansion,  the  diagram  would  represent  the  heat 
distribution  ;  but  in  a  sLeam  cylinder  an  unknown  weight  is  introduced. 
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part  of  which  condenses,  whilst  the  pressure  is  maintained  at  a  uniform 
amount  b^  a  further  supply  from  the  boiler  ;  and  none  of  these  circum- 
stances are  taken  account  of  in  the  diagram. 

The  President  observed  that  Mr.  Wesbgarth,  who,  he  was  sorry,  had 
left  the  meeting,  read  a  letter  from  a  gentleman  in  Hull  with  reference  to 
the  trouble  they  had  had  with  a  boiler  like  the  one  alluded  to  in  the  paper. 
In  two  instances  exactly  the  same  trouble  had  come  under  his  observation, 
and  he  tried  to  realise  what  was  the  reason  of  it,  and  it  always  seemed  to  him 
this  was  the  reason.  Here  they  had  a  plate  rigidly  held  at  the  circum- 
ference. Now,  if  they  were  to  take  a  piece  of  drawing  pape!*  stretched  on 
a  board,  and  draw  a  circle  on  that  paper,  take  a  sponge  and  wet  it,  they 
would  find  it  all  puckered.     If  they  took  their  knife  and  cut  it  out,  and 


wet  it,  they  would  find  it  keep  perfectly  flat.  He  did  not  know  whether  he 
was  right  or  not,  but  a  plate  so  held,  with  a  strong  heat  puckered,  and  so 
caused  that  to  which  Mr.  Spear,  of  Hull,  referred. 

The  discussion  at  this  stage  was  adjourned,  to  be  resumed  at  the  next 
meeting  in  Newcastle. 
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NORTH-EAST  COAST  INSTITUTION  OF  ENGINEERS 

AND  SHIPBUILDERS. 


Seventh  Session,  1890-91. 


PROCEEDINGS. 


THIRD  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE  LECTURE 
HALL  OF  THE  LITERARY  AND  PHILOSOPHICAL  SOCIETY,  NEW- 
CASTLE-UPON-TYNE, ON  MONDAY  EVENING,  DECEMBER  15th,  1890. 


F.  C.  MARSHALL,  Esq.,  Past-Pbbsidbnt,  in  the  Chaib. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Sunderland,  on  November  2l8t,  which  were  approved  by  the 
members  present,  and  signed  by  the  Past-President. 

The  ballot  for  new  members  having  been  taken,  the  Past-President 
appointed  Messrs.  Jas.  Patterson  and  W.  Kilvington  to  examine  the 
voting  papers,  and  the  following  gentlemen  were  declared  elected : — 

MEMBERS. 

Evans,  Lewis,  Surveyor  to  Lloyd's  Register,  3,  St.  Nicholas'  Buildings,  New- 

castle-on-Tyne. 
Hepburn,  Alfred,  Forge  Manager,  Northumberland  Forge,  Wallsend-on-Tyne. 
Hodge,  Rowland  F.  W.,  Manager,  Shipbuilding  Yard,  Messrs.  C.  S.  Swan  & 

Hunter,  Wallsend-on-Tyne. 
MacColl,  Hector,  Engineer,  Managing  Director,  Messrs.  Macllvaine  &  MacColl, 

Belfast. 
Macfarlane,  Andrew,  Superintendent  Engineer  to  Messrs.  Pinkney  &  Sons,  Steam 

Shipping  Company,  Sunderland,  26,  Thornhill  Terrace,  Sunderland. 
Parsons,  Harry  F.,  Engine  Draughtsman,  Messrs.  Wallsend  Slipway  Company, 

3,  Eversley  Place,  Heaton,  Newcastle-on-Tyne. 
Potts,  Matthew,  Ship  Draughtsman,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co., 

Hebburn  Shipbuilding  Yard,  86,  Glen  Terrace,  Hebbum-on-Tyne. 
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Simpson,  Edward,  Ship  Draughtsman,  Messrs.  R.  &  W.  Haw'thorn,  Leslie,  &  Co., 
Hebburn  Ship  Yard,  2,  Neptune  Road,  Wallsend-on-Tyne. 

Thompson,  John,  £ngine  Surveyor  to  Board  of  Trade,  Sunderland,  8,  The  Brae, 
Sunderland. 

ASSOCIATES. 

Bacon,  William  Charles,  Shipowner,  Chadwick  House,  West  Hartlepool. 

Barraclough,  Thomas,  Shipowner,  Messrs.  West  Hartlepool  Steam  Navif^tion 
Co.,  West  Hartlepool. 

Blacklin,  Richard  James,  Messrs.  The  Hudson  Shipping  Company,  West  Hartle- 
pool, Dinsdale  House,  Brougham  Terrace,  West  Hartlepool. 

GRADUATES. 

Freeman,  Alfred  J.,  Draughtsman,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co., 

St.  Peter's  Works,  2,  Regent  Terrace,  Newcastle-on-Tyne. 
King,  John,  Ship  Draughtsman,  Messrs.  R.  Stephenson  &  Co.,  Hebburn-on-Tyne, 

24,  Gloucester  Road,  Newcastle-on-Tyne. 
McEenna,  Francis,  Assistant  Engineer  to  Mr.  E.  F.  Wailes,  46,  Hodgson  Street, 

Willingfton  Quay-on-Tyne. 
Oxton,  Walter,  Draughtsman,   Messrs.  Wigham  Richardson  &  Co.,  Neptune 

Works,  Walker-on-Tyne. 


BUSINESS  MATTERS. 

Mr.  Mabrhall  (Past-President),  having  explained  his  presence  in 
the  chair  as  being  occasioned  by  the  absence  of  the  President  in  Italy, 
said  there  were  one  or  two  subjects  to  which  he  desired  to  allude.  The 
desirability  of  their  having,  as  most  institutions  of  this  character  had,  an 
annual  dinner,  or  an  annual  social  gathering  of  some  sort,  had  been 
discussed  by  the  Council.  Circulars  were  sent  out  to  ascertain  the  feeling 
of  the  members  on  this  subject,  and  135  replies  were  received.  He  need 
not  say  that  this  was  a  very  small  number  out  of  the  750  members,  but  of 
the  185,  46  voted  for  the  annual  dinner  and  87  for  a  conversazione  or 
some  other  social  gathering,  the  remainder  making  no  reply  at  all.  It 
was  therefore  thought  by  the  members  of  the  Council  that  with  such  a 
division  of  opinion,  coupled  with  the  general  indifference  evinced  by  mem- 
bers generally,  it  was  scarcely  desirable,  for  this  year  at  least,  to  entertain 
the  project  of  an  annual  dinner.  The  question  of  having  a  telephone 
into  their  offices  in  St.  Nicholas'  Buildings,  was  also  discussed  at  the 
Council,  and  it  was  decided  that  they  should  adopt  the  Post  Office  system 
of  telephone  for  the  office.  It  would  therefore  be  within  the  province 
and  privilege  of  members  to  speak  to  the  Secretary  whenever  they  had 
any  grievance  or  wanted  any  information  from  him. 
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The  Secretary  (Mr.  Duckitt),  supplementary  to  the  remarks  anent 
a  social  meeting,  stated  that  he  believed  there  was  to  be  another  con- 
versazione of  assofdated  societies  next  spring,  but  instead  of  being  held 
in  the  Durham  College  of  Science,  it  would  be  held  in  the  Natural 
History  Museum,  where  they  would  have  more  room  and  avoid  the  crush 
of  the  last  conversazione. 

The  Past-President  stated  that  the  next  meeting  would  be  held  on 
the  10th  January  at  Hartlepool,  and  the  Council  had  decided  that  the 
paper  read  there  would  be  discussed  and  closed.  There  was  a  suggestion 
that  the  discussion  on  Mr.  Hok's  pajxir,  to  be  read  tiiat  night,  should  be 
continued  at  Hartlepool,  it  being  on  a  shipping  subject,  and  therefore 
likely  to  be  interesting  to  the  Haitleiwol  members.  This  suggestion — 
received  that  evening  only — would  be  discussed  by  the  Council,  and  if 
possible  adopted.  With  reference  to  the  representative  sub-committee  at 
Lloyd's,  mentioned  in  the  agenda,  one  of  the  membera  elected  by  the 
Glasgow  Institution,  and  another  by  the  Institution  of  Naval  Architects, 

* 

London,  were  still  undetermined. 


The  discussion  on  Mr.  W.  R.  Cummins's  paper  on  "  Increased  Boiler 
Pressure  and  Increased  Piston  Speed  for  Marine  Engines"  wa«  resumed. 

Mr.  W.  HoK  read  a  paper  on  "The  Unsinkability  of  Cargo-carrying 
Vessels." 

Mr.  M.  Sandison  read  a  paper  on  "Main  Steam  Pipes." 
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ADJOURNED  DISCUSSION  ON  MR.  W.  R.  CUMMINS'S  PAPER 
ON  "INCREASED  BOILER  PRESSURE  AND  INCREASED 
PISTON  SPEED  FOR  MARINE  ENGINES." 


The  Secretary  read  the  following  :— 

Communication  from  Mr.  H.  B.  Buckland. 

Newcastle-on-Tynb,  Nov.  20th,  1890. 
Dear  Mr.  Duckitt, — I  have  read  Mr.  Cummins's  valuable  paper  on 
the  "  Increased  Piston  Speed  and  Boiler  Pressure  of  Marine  Engines,"  and 
quite  agree  with  him  that  we  can  safely  increase  the  piston  speed  very  con- 
siderably and  also  the  boiler  pressure.  I  have  not  had  time  to  go  over  all 
his  calculations,  but  assume  them  correct,  except  as  regards  the  boiler. 
I  will  pass  on  to  his  question :  What  type  of  engine  will  best  suit  these  new 
conditions  ?  I  disagree  with  him  that  the  choice  lies  between  the  three- 
crank  three-cylinder  engine  and  the  four- crank  four-cylinder  engine,  for  in 
the  first  of  the  two  you  do  not  get  sufficient  Tange  of  expansion,  and  in  the 
second,  with  the  four  cylinders,  you  get  the  proper  expansions,  but  it  neces- 
sitates a  much  greater  space  occupied  by  the  engines,  so  that  I  consider 
the  three-crank  four-cylinder  engine,  with  one  cylinder  tandem,  would  be 
more  advisable  and  give  better  results,  taking  up  the  same  or  less  space 
than  the  present  triple ;  but  better  still,  a  combined  vertical  and  horizontal 
engine,  with  four  cylinders  and  two  cranks,  a  design  which  I  believe  has 
lately  been  patented.  This  arrangement,  as  I  think  you  will  see,  retains 
the  proper  expansions,  in  the  four  cylinders,  necessary  for  the  increased 
pressure,  takes  up  less  room  than  the  old  compound  engine,  and  the  two 
connecting  rods  being  on  one  crank,  at  right  angles,  or  any  other  inter- 
mediate position,  prevents  any  dead  centres.  And  now  I  pass  on  to  the 
boilers.  Mr.  Cummins  says  "for  the  same  heating  surface."  I  take  this 
to  mean  the  calculated  heating  surface,  or,  as  it  is  better  known,  paper 
heating  surface.  Now,  I  think  it  has  been  many  times  demonstrated  that 
about  the  first  1^  or  2  feet  of  the  tube  surface,  from  the  combustion 
chamber  end,  is  equal  to  all  the  rest  of  the  tube  surface  put  together  in 
point  of  eflSciency,  so  that  in  triple  engines  of  a  given  power,  having 
boilers  say  14  feet  diameter  and  160  lbs.  working  pressure,  the  shell 
plates  are  1^^^  inches  thick,  and  to  get  the  eflScient  heating  surface  for 
the  same  powered  engine,  with  250  lbs.  working  pressure,  with  Mr, 
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Cummins's  boiler,  I  am  coiifident  he  would  have  to  put  them  in  the  same 
size,  if  not  larger,  and  thus  you  would  have  shell  plates  of  about  l|f 
inches  thick  exposed  to  the  fire.  We  are  driven  into  a  corner  as  far  as 
the  present  type  of  cylindrical  boiler  is  concerned,  so  must  seek  another 
form  altogether. 

We  must  get  the  strongest  form  of  a  body  known,  that  is  a  sphere, 
I  have  lately  designed  and  patented  a  boiler  of  the  spherical  form,  and  am 
now  having  one  built  at  Messrs.  Eltringham's  works,  where  I  will  shortly 
test  its  capabilities.  (See  Plate  V.)  The  bottom  part  of  the  shell  is  made 
with  a  semi-spherical  plate  inverted,  and  from  one  to  four  combustion 
chambers  can  be  attached  to  it.  The  furnace  stands  below  the  boiler  proper, 
and  is  a  separate  body  from  the  boiler,  being  jointed  to  it  by  suitable  knees, 
bolted,  and  it  forms  a  feed  heater.  The  flames  and  gases  are  broken  into  two 
currents,  and  heated  air  (natural  or  forced)  is  admitted  between  the  two 
currents  in  the  combustion  chambers.  When  deteriorated,  the  furnace 
can  be  removed  and  renewed  without  cutting  out  a  rivet. 

With  this  design,  compared  with  that  of  the  present  type  of  cyhndiical 
•  raanne  boiler  of  the  same  power,  T  obtain  more  heating  surface,  which  I 
exi)ect  will  be  very  much  more  efficient  per  square  foot,  about  half  the 
dead-weight,  carry  less  water,'have  more  cleaning  room,  and  take  up  less 
space.  As  there  are  only  about  12  stays  against  about  125  in  the  ordinary 
boiler,  the  cost  of  manufacture  is  niuch  less;  and  I  hope  to  effect  a  saving 
of  about  15  per  cent,  in  the  coal  consumption.  The  design  is  passed 
and  approved  by  Lloyd's,  and  many  members  of  this  Institution  to  whom 
I  have  shown  it  have  expressed  their  approval  of  it. 

Thanking  Mr.  Cummins  for  his  valuable  paper, 

I  am.  Sir, 

Youi-s  faithfully, 

H.    B.    BUCKLAND. 

Mr.  James  Patterson  said  he  thought  the  question  of  quadruple 
expansion  engines  was  one  not  dependent  so  much  upon  the  engine  as  the 
boiler.  When  they  got  a  boiler  which  would  withstand  much  higher 
pressures  than  at  present  in  use,  and  with  equal  safety,  then  quadruple 
engines  were  bound  to  come  to  the  front.  Mr.  Fothergill,  in  discussing 
this  paper,  objected  to  the  boiler  proposed  by  Mr.  Cummins  because  the 
tube  heating  surface  would  not  be  so  efficient  as  the  plain  box-heating 
surface  of  the  ordinary  type  of  boiler.  He  gave  them  the  result  of  some 
experiments,  from  which  he  deduced  that  the  distribution  of  the  heating 
surface  had  a  great  deal  to  do  with  its  efficiency.     He  (Mr.  Patterson) 
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agreed  to  a  certain  extent.  For  instance,  he  had  no  doubt  that  the  top 
half  of  a  tube  was  more  efficient  than  the  lower  half,  and  the  surface 
npon  which  the  flames  came  directly  into  contact  would  be  more  efficient 
than  where  mere  radiation  took  place.  But  he  thought  Mr.  Fothergill 
had  deduced  too  much  from  the  experiments  he  quoted,  and  had  over- 
looked the  fact  that  the  first  surface  acted  upon  by  the  heat  would  do 
the  greatest  duty,  and  that  after  that  each  square  foot  of  surfece  would 
do  less  and  less,  until  practically  all  the  heat  that  was  to  be  got  out  of  the 
flame  was  extracted;  so  that  he  thought  the  small  evaporation  per  square 
foot  of  tube  surface  was  principally  due  to  the  fact  that  there  was  com- 
paratively little  heat  in  the  gases  when  they  reached  the  tubes.  In  the 
design  presented  by  Mr.  Cummins,  the  tubes  were  brought  practically 
nearer  the  fire,  and  the  tube  surface  was  almost  the  first  reached  by  the 
flame,  and  therefore  would  be  very  much  more  efficient  than  it  was  in 
their  ordinaiy  boilers;  but  he  thought  this  very  fact  made  it  an  imprac- 
ticable boiler,  because  the  tube  plate  was  the  first  surface  on  which  the 
flame  acted.  Indeed,  the  tube  plate  was  the  critical  part  in  their  present 
boilers,  and  the  heat  that  reached  it  was  quite  sufficient  to  make  it 
troublesome.  Although  much  had  been  extracted  from  the  flame  by  the 
furnace  and  flame  box,  the  heat  on  the  tube  plate  in  Mr.  Cummins's  boiler 
would  of  necessity  be  much  greater,  and  would  without  doubt  cause  the 
tubes  to  leak  badly.  He  had  not  had  time  to  study  the  design  of  Mr. 
Bucklaud's  boiler,  but  he  thought  they  could  not  do  much  better  than 
work  on  the  lines  of  their  present  marine  boiler,  so  accessible  for  cleaning, 
and  which  had  proved  a  very  good  boiler  in  the  past.  He  thought  they 
might,  by  degrees,  come  to  a  much  higher  pressure  than  at  present  with 
this  type  of  boiler.  As  to  the  type  of  the  quadruple  expansion  engine  to 
be  adopted,  some  laid  stress  upon  the  advantage  gained  with  the  three- 
crank  triple  over  the  two-crank  compound,  on  account  of  the  more  uni- 
form turning  moment  on  the  crank.  He  had  no  doubt  that  was  an 
advantage.  The  quadruple  engine  on  two  cranks  should  have  a  more 
uniform  turning  moment  than  the  two-crank  compound  engine,  because 
— with  the  pressures  using  at  present,  at  any  rate — the  cut-off  in  the 
quadruple  engine  was  much  later,  and  tended  to  equalise  the  turning: 
moment.  In  a  four-crank  engine,  with  the  cranks  practically  at  right 
angles,  two  and  two  opposite  each  other,  the  weights  of  the  moving  parts 
were  balanced  and  the  turning  moment  still  more  equal.  The  three- 
crank  triple  could  be  seen  to  move  more  regularly  than  the  compound. 
He  had  not  seen  the  two-crank  quadruple  working,  and  could  not  say 
how  it  worked,  but  he  could  say  that  the  movement  of  the  four-crank 
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engine  was  quite  as  regular  as  the  three-crank  triple.  He  thought  Mr. 
Westgarth  showed  a  design  of  quadruple  with  three  cranks  and  two 
cylinders.  This  design  was  essentially  bad.  To  get  anything  like  an 
equal  turning  moment  in  this  engine  they  must  have  very  unequal  ranges 
of  temperature,  and  that  was  just  what  it  was  desirable  to  avoid.  If,  on 
the  other  hand,  they  got  equal  ranges  of  temperature  and  ranges  of 
expansion,  they  got  an  unequal  turning  moment.  In  other  words,  to 
obtain  equal  ranges  of  temperature  in  this  design  it  would  be  necessary 
to  sacrifice  the  very  advantage  which  it  was  advanced  would  be  gained — 
viz.,  a  uniform  turning  moment.  The  design  is  analogous  to  the  triple 
engine  with  two  cranks  {md  three  cylinders  ;  if  equal  powers  were  devel- 
oped on  each  crank,  the  ranges  of  temperature  were  very  unequal,  with 
corresponding  loss  of  economy,  which  was  amply  proved  by  the  relative 
economy  of  the  two-crank  and  three-crank  triples.  To  get  the  same 
economy  they  should  have  the  range  of  expansion  equal,  and  consequently 
a  very  unequal  turning  moment.  He  thought  a  four-crank  quadruple 
engine  would  be  the  engine  of  the  future. 

Mr.  W.  KiLViNGTON  said  he  had  very  few  remarks  to  make  on  this 
paper.  One  thing  that  struck  him  as  being  very  important  was 
the  determination  of  the  efficiency  due  to  any  cause  or  any  altered  con- 
dition in  the  working  of  an  engine.  With  reference  to  this,  perhaps  the 
wnter  would  explain  in  his  reply  why  he  had  not  adopted  the  thermo- 
dynamic formula  instead  of  the  round-about  way  which  he  had  employed 
to  arrive  at  the  result,  and  which  he  might  say  in  passing  gives  only 
about  half  the  increase  of  efficiency  at  which  the  author  arrives?  He 
would  hke  if  the  writer  would  tell  them  also  why  100  lbs.  of  steam 
should  be  expanded  only  down  to  8  lbs.,  while  the  150  lbs.  steam  is 
taken  down  to  6  lbs.?  And  again,  when  they  came  to  steam  of  250  lbs. 
the  final  pressure  was  taken  at  5  lbs.  These  alterations  of  the  terminal 
pressure  appeared  to  him  to  vitiate  the  calculations  so  far  as  they 
expressed  the  gain  due  to  increase  of  pressure,  which,  he  supposed,  they 
were  intended  to  represent,  as  that  was  the  question  under  consideration. 
The  author  had  suggested  separate  steam  and  exhaust  valves  on  all  the 
cylinders.  Well,  there  was  a  great  probability  that  economy  in  steam 
would  accrue  from  this,  but,  at  the  same  time,  the  increase  of  cost  and 
complication  they  would  entail,  especially  in  the  case  of  a  four-cylinder 
engine,  was  a  very  serious  consideration.  The  paper  extended  over  a  very 
wide  range,  but  the  most  important  of  the  numerous  things  referred  to  was 
kept  for  very  scant  notice  at  the  end,  namely,  the  boiler.  He  had  no  doubt 
that  a  boiler  of  the  author's  design  would  fail  for  the  reasons  which  Mr. 
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Patterson  had  folly  pointed  out,  and  therefore  he  need  not  much  further 
enlarge  upon  it.  The  boiler  would  fail  by  the  tubes  giving  out  and 
leaking  at  the  back  end.  The  flame  and  hot  gases  from  the  fire 
conld  not  impart  any  of  their  heat  until  they  had  got  to  the  tube  plate, 
with  the  result  that  the  transfer  of  heat  would  be  so  rapid  that  the  water 
could  not  be  kept  in  contact  at  the  tube  plate,  and  for  some  distance 
along  the  tubes.  There  was  a  point  at  which  the  temperature  at  the  tube 
plate  was  too  high  for  safe  working  in  the  marine  class  of  boiler.  This 
point  was  sometimes  reached  with  boilers  of  the  ordinary  type  in  ordinary 
working  when  the  grate  was  long  in  relation  to  the  furnace  rand  with 
forced  draught  it  was  very  often  unfortunately  exceeded.  If  he  (Mr. 
Eilvington)  were  designing  a  boiler  for  250  lbs.  pressure,  he  should  be 
very  careful  to  convince  himself  that  a  boiler  of  the  present  type  could 
not  be  adapted  to  the  purpose  before  trying  such  a  one  as  the  author 
proposed.  He  thought  they  ought  to  feel  obliged  to  the  author  for  his 
very  suggestive  paper,  but  he  would  feel  still  more  grateful  if  he  would 
in  his  reply  further  amplify  the  points  to  which  he  had  referred,  which, 
judging  from  the  paper,  he  will  be  well  able  to  do. 

Mr.  B.  L.  Weighton  said  that  after  what  had  been  said  that  night 
there  was  very  Uttle  left  to  discuss.  The  object  which  the  writer  had 
set  before  himself  seemed  to  him  (Mr.  Weighton)  of  the  most  praiseworthy 
character,  and  deserving  of  all  encouragement  and  commendation.  He 
should  like  personally  to  add  his  support  to  whatever  Mr.  Cummins  had 
attempted  as  something  that  deserved  their  appreciation,  while  they  could, 
nevertheless,  point  out  what  they  individually  considered  to  be  short- 
comings. With  that  preface,  he  would  point  out  what  he  individually 
considered  to  be  some  shortcomings.  First  of  all,  to  commence  with  the 
engine,  there  could  be  no  doubt  at  all  that,  theoretically  speaking  (and  it 
was  very  easily  demonstrated  by  more  methods  than  one — indeed,  by  a 
much  more  direct  method  than  that  adopted  by  the  writer  of  the  paper), 
there  was  economy  inherent  in  increased  steam  pressures;  but  treating 
the  matter  theoretically  was  begging  the  question  very  largely,  for  they 
could  not  have  a  theoretical  engine,  that  was  an  impossibility;  and  the 
whole  trouble  arose  when  they  came  to  design  an  engine.  They  all  knew 
they  could  get  a  ceitain  gain  from  increased  pressure,  but  practically  the 
question  was,  where  is  the  machine  that  will  realise  this  gain  ?  It  seemed 
to  him  there  was  a  decided  tendency  in  the  present  day  to  assume  that  it 
would  be  just  as  easy  to  rise  from  150  lbs.  to  250  lbs.  pressure — to  utilise 
250  lbs.  pressure — as  it  was  to  rise  from  90  lbs.  to  150  lbs.  pressure,  that 

VOL.  VII,— 1890.  K 


82       DISCUSSION — INCREASED  BOILEB  PBESSUBE  AND  PISTON  SPEED. 

was  to  say,  that  the  percentage  of  rise  in  pressure  wonld  give  no  more 
trouble.  He  rather  thought  there  would  be  more  trouble ;  although,  as 
a  set-off  and  to  use  a  common  phrase,  "the  resources  of  civilization''  were 
increasing  inasmuch  as  they  had  got  better  material  and  more  accurate 
manufacturing  processes  to  assist  progress  than  was  ever  previously  at 
their  command.  They  must  not  forget,  however,  that  higher  pressures 
meant  higher  temperatures,  and  the  latter  tended  to  disintegrate  the 
internal  working  surfaces  of  the  engines.  Again,  there  was  the  ever- 
increasing  difficulty  of  dealing  with  the  expansions  of  pipes,  etc.,  which 
difficulty  was  largely  augmented  by  increased  pressures ;  and  again,  high 
pressures  entailed  a  very  large  addition  to  the  friction  of  stuffing  boxes, 
which  had  to  be  very  tightly  packed.  The  writer  went  on  to  deal  with 
piston  speeds.  Now,  it  must  not  be  forgotten  that  the  question  of  the 
feasibility  of  higher  piston  speeds  had  no  relation  to  the  feasibility  of 
higher  pressures.  It  was  quite  possible  to  realise  whatever  economy  was 
inherent  in  high  piston  speeds  from  any  engine,  whether  a  triple  or 
quadruple  engine,  without  its  being  worked  with  high  pressure  steam. 
This  question  of  gain  from  increased  piston  speed  is  mentioned  on  page  51, 
where  the  writer  says : — **  An  increase  of  revolutions  should  always  tend 
to  economy  of  steam."  He  (Mr.  Weighton)  should  say  that  was  so  within 
certain  limits,  and  whether  it  was  so  or  not  in  the  case  of  any  given  engine 
depended  largely  on  what  the  present  revolutions  of  that  engine  were.  If 
the  present  revolutions  were  as  high  as  the  steam  pipes,  ports,  and 
passages  could  efficiently  deal  with,  then  any  increase  of  piston  speed, 
instead  of  giving  increased  economy,  would  give  the  very  reverse.  So  it 
should  not  be  forgotten  that  increased  piston  speed  entails  (other  things 
being  equal)  increase  of  steam  and  exhaust  speeds  through  the  passages, 
unless  the  passages,  ports,  and  valves  are  made  of  such  a  size  as  to  keep 
down  that  speed ;  but  if  they  are  thus  made  of  large  size  a  certain  loss  is 
entailed,  first,  in  clearance  space,  and,  second,  in  driving  large  valves ; 
and  whilst  they  might  have  a  gain  as  shown  by  the  indicator,  there  might 
be  a  loss  in  power  as  transmitted  to  the  propeller.  For  these  reasons  he 
thought  the  author  had,  unintentionally  no  doubt,  shown  this  gain  in 
rather  a  roseate  light,  and  he  did  not  think  it  could  be  actually  realised 
to  the  extent  predicted.  On  page  54  there  was  a  statement  which  he 
wished  very  cordially  to  support,  because  he  thought  it  a  very  often 
neglected  principle  amongst  superintending  engineers  and  others  pur- 
chasing and  using  marine  engines,  viz. : — "The  writer  ventures  to  suggest 
that  cylinder  ratios,  etc.,  should  be  designed  so  as  to  obtain  equal  initial 
loads  in  each  cylinder."     He  (Mr.  Weighton)  would  add  to  that — "  and,  if 
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possible,  equal  ranges  of  temperature  in  the  cylinders.'*  It  was  a;  very 
common  complaint  for  one  to  hear  that  the  powers  in  the  cylinders  were 
unequally  distributed,  as  if  this  necessarily  entailed  some  grievous  loss. 
As  a  matter  of  &ct  it  would  generally  be  found  that  the  best  distribution 
of  power  was  when  the  powers  were  unequal  in  the  cylinders.  The  real 
point  to  be  aimed  at  in  this  case  was  not  necessarily  equal  powers,  but 
equal  loads  to  conserve  the  bearings,  etc.,  and  equal  ranges  of  temperature 
to  conserve  the  steam.  With  regard  to  the  much-maligned  boiler,  he  did  not 
think  he  could  add  anything  of  moment  to  what  had  been  said.  He  did 
intend  to  say  something,  but  his  two  predecessors  had  hit  largely  upon 
what  he  had  to  say.  There  was  only  one  point  he  could  add  to  what  had 
been  said,  and  that  was  this,  that  in  designing  boilers  he  should  be  inclined 
to  lay  it  down  as  a  general  principle  that  the  flame  should  always  in  the 
first  instance,  and  while  at  its  hottest,  impinge  upon  plates  with  no 
seams  in  them,  and  that  it  should  not  get  at  the  tube  plates  first,  for 
that  was  the  point  at  which  the  greatest  evaporation  was  liable  to  take 
place.  This  was  the  reason  why  circular  furnaces  stood  the  fire  so  well — 
they  had  no  seams  on  them  where  the  flame  impinged.  Doubtless,  ftir- 
naces  sometimes  collapsed,  but  this  only,  to  his  mind,  served  to  prove 
that  tbey  were  habitually  at  a  very  high  temperature,  a  temperature  at 
which  no  seamed  plate  would  remain  tight  at  its  seams.  This  view  was 
confirmed  by  a  study  of  the  action  which  took  place  in  model  boilers.  At 
St.  Peter's  works  they  had  a  series  of  model  boilers  with  glass  sight  holes 
conveniently  placed  in  the  shells,  and  wherever  the  flame,  which  was  that 
of  a  Bunsen  burner,  was  applied  in  the  furnaces,  whether  at  the  front  end 
or  at  the  extreme  back  end,  the  evaporation  from  the  tube  plates  was  a 
very  large  percentage  of  the  entire  evaporation  of  the  boiler,  he  should 
say  from  five-eighths  to  three-quarters  of  the  whole.  The  globules  of 
steam  rising  fi'om  the  tube  plate  formed  a  veritable  fountain,  and  the 
action  was  very  instructive  and  very  striking  as  showing  the  large  amount 
of  duty  done  by  the  tube  plates  and  by  the  necks  of  the  tubes  in  the  im- 
mediate neighbourhood  of  the  tube  plates.  liCt  them  consider  what 
would  probably  happen  with  this  boiler  of  Mr.  Cummins's.  The  heat  was 
carefully  shielded  from  the  boiler  shell  plates  until  it  got  to  the  tube 
plate,  and,  as  had  been  already  said,  the  major  part  of  the  heat  in  the 
incandescent  gas  would  be  absorbed  by  the  tube  plate  and  tube  ends,  the 
parts  least  able  to  stand  it ;  and  while  he  did  not  think  such  a  boiler  as 
this  would  give  trouble  under  gentle  combustion,  he  thought  if  it 
was  forced  even  to  a  very  small  extent  trouble  would  result.  The 
chief  heating   surface  of  this  boiler,  to  begin  with,  was  tube  surface, 
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and  that  was  the  least  efficient  surface.  Mr.  D.  K.  Clark  was  a  very 
high  authority  on  this  subject,  and  he  gave  the  results  of  a  series  of 
experiments  with  boilers  that  had  tubes  66  inches  long.  The  first 
6  inches  of  the  tubes  evaporated  more  than  the  whole  of  the  rest 
of  the  60  inches.  No  doubt  the  tube  surface  in  the  boiler  was  the 
least  efficient  surface.  In  the  model  boilers  referred  to  there  was 
scarcely  any  evaporation  at  all,  except  very  near  to  the  tube  plates.  In 
the  boilers  of  some  war  vessels  with  forced  draught  there  was  no  doubt 
that,  under  certain  conditions,  the  water  was  prevented  from  having 
access  to  the  tube  plate  by  reason  of  the  immense  generation  and  up-rush 
of  steam  at  the  tube  plate  and  back  end  of  furnace.  There  was,  as  it 
were,  a  layer  of  steam,  which  was  continually  ascending  and  continually 
being  renewed,  interposed  between  the  water  and  the  tube  plate.  This, 
of  course,  would  lead  to  a  very  high  temperature  in  the  tube  plate  and 
tube  ends,  and  would  be  quite  sufficient  to  cause  leaky  tubes.  All  this  in 
boilers  of  normal  construction,  in  which  the  furnace  plates  received  the 
first  of  the  flame.  How,  then,  could  a  boiler  like  Mr.  Cummins's  be 
expected  to  stand  under  like  conditions  ? 

Mr.  Marshall  (Past-President)  said  they  had  had  a  very  interesting 
discussion  on  Mr.  Cummins's  paper.  He  was  sorry  he  had  not  the  oppor- 
tunity or  privilege  of  hearing  the  paper  read,  and  the  discussion  which 
took  place  at  the  last  meeting ;  but  he  thought  it  had  been  so  thoroughly 
thrashed  out  by  the  three  gentlemen  who  had  spoken  that  night  it  did 
not  leave  much  more  to  be  said.  He  believed  if  Mr.  Cummins  had  ever 
heard  of  a  vessel  called  the  "  Royal  Dane  "  he  would  not  have  advised  a 
boiler  of  the  type  proposed  by  him.  That  boiler  had  very  much  the  same 
kind  of  arrangement,  except  that  the  furnaces  were  inside  instead  of  outside 
the  boiler.  It  had  failed  from  precisely  the  same  reasons  as  Mr.  Patterson 
and  Mr.  Weighton  had  pointed  out — ^because  of  the  intense  heat  upon  the 
tube  plates,  and  the  want  of  absorbing  surface,  as  Mr.  Patterson  had  pointed 
out,  nearer  the  flame  and  the  hottest  part  of  the  gases  after  leaving  the  fuel. 
With  regard  to  the  question  of  three-crank  compound  engines  and  three- 
crank  triples  being  a  question  at  all  open  for  consideration,  they  had  only 
to  remember  the  fact  that  the  engines  of  the  transatlantic  liners  **  Etruria," 
and  sister- vessel  the  "  Umbria,"  were  just  about  to  be  converted  into  triple 
expansion  engines.  The  "  Etruria  "  used  390  tons  of  fuel  per  day,  similar 
vessels  of  the  same  class,  with  triple  expansion  engines,  burning  something 
like  two-thirds  of  that  amount.  There  was  the  remark  about  forced 
draught  and  natural  draught  and  long  bars.  One  of  their  good 
admiralB  called  forced  draught  an  invention  of  the  evil  one ;  he  was 
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not  quite  sore  whether  he  had  nob  something  to  do  with   that  evil 
influence.    He  was  willing  to  bear  all   the  burden  incident  to  the 
circumstance.     He  was  quite  sure  that  the  present  requirements  of 
war  vessels  could   not   be    complied   with    without   forced    draught, 
and  he  was  further  perfectly  satisfied    merchant    vessels    would    be 
a  great  deal  better  for  its  adoption.    The  difficulty  that  did  exist  in 
relation  to  forced  draught,  as  it  had  been  applied,  had  arisen  almost 
solely  from  the  circumstance  Mr.  Weighton  or  Mr.  Kilvington  had 
mentioned — the  fire  bars  had  been  made  much  too  long.    In  order  to 
ensia*e  greater  efficiency  with  natural  draught  long  bars  projecting  into 
the  combustion  chamber  had  been  adopted,  with  the  result  that  with 
even  a  very  moderate  measure  of  forced  draught,  tube  plates  and  tube  . 
ends  had  been  overheated  and  caused  leakage.      He  was  satisfied  that 
with  shorter  bars  and  increased  air  pressure  up  to  something  like  3  to  4 
inches,  instead  of  2  inches,  the  combustion  might  be  inteusified  to  the 
extent  they  had  in  locomotives.    Naturally,  it  followed  that  if  they  got 
that  intensity  of  combustion  on  the  bars  the  heat  was  absorbed  on  the 
very  best  place,  namely,  in  the  furnaces  over  the  bars  and  in  the  combus- 
tion chamber,  before  reaching  the  tubes.    He  quite  endorsed  all  that  had 
been  said  that  night  about  the  intensity  of  the  heat  and  force  of  evapora- 
tion given  off  on  the  tube  plates.    There  was  no  question  that,  in  the 
model  boilers  Mr.  Weighton  alluded  to,  the  force  of  evaporation  was 
expended  on  the  tube  plate ;  but  he  thought  he  had  omitted  to  say  at  the 
same  time,  that  the  fountain  he  spoke  of,  arose,  to  a  certain  extent,  from 
the  heat  given  off  by  the  furnaces  below  it,  as  the  force  of  evaporation  at 
that  point  was  very  great.     The  flame  box  back  and  sides  were  also  very 
important  features,  as  shown  by  those  model  boilers.    A  large  amount  of 
work  was  done  by  the  combustion  chamber  back,  top,  and  sides.    If  they 
did  away  with  this,  as  had  been  done  in  many  boilers  in  Her  Majesty's 
sei-vice,  no  doubt  they  would  have  trouble  in  the  tubes.    Referring  to 
the  remark  made  by  Mr.  Weighton  as  to  the  rapidity  of  evaporation  on 
the  tube  plate,  it  was  very  well  exhibited  in  two  classes  of  boilers  with 
which  they  lately  had  to  do,  both  locomotive  boilers— a  large  number  of 
which  had  been  fitted  into  vessels  for  the  Italian,  as  well  as   H.M. 
Government — and  the  only  way  they  could  account  for  the  difference  in 
the  circumstances  of  those  particular  boilers  arose  from  the  fact,  that  the 
disposition  of  the  tubes  in  the  tube  plates  was  different.     In  those  which 
gave  trouble  the  tubes  were  placed  so  that  in  the  vertical  direction  they 
were  close  together.     (See  Fig.  A,  Plate  VI.)    The  disposition  of  those 
that  gave  them  no  trouble  were  as  Fig.  B,  Plate  VI.,  the  only  difference 
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being  in  the  vertical  distance  from  point  to  point.  They  were  very 
much  indebted  to  Mr.  Cummins.  His  had  been  a  most  interesting 
paper,  and  he  thought  the  discussion  that  had  arisen  upon  it  had  eluci- 
dated a  large  amount  of  information  of  a  very  valuable  chamcter,  and 
they  would  accord  to  Mr.  Cummins  in  his  absence  their  very  cordial 
thanks. 
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By  W.  HOK,  M.I.N.A. 


[Rbad  bbfobb  thb  Institution  in  Nbwcastlb-on-Tynb,  Decbmbeb  15th,  1890.] 


The  object  of  the  present  paper  is  to  lay  before  the  members  of  this 
Institution  an  investigation,  made  for  the  purpose  of  ascertaining  if  the 
regulations  for  the  subdivision  of  ships  with  transverse  bulkheads, 
embodied  in  Lloyd's  rules  for  iron  and  steel  ships,  adequately  fulfil  the 
purpose  for  which  they  are  evidently  intended,  viz.,  to  enable  ships  to 
keep  afloat  in  case  they  sustain  any  reasonable  damage  to  their  hulls 
below  the  water-line,  either  through  collision  or  through  other  causes  of 
a  serious  nature. 

To  carry  out  such  an  investigation  is  difficult  under  any  circum- 
stances, due  to  the  extreme  complexity  of  the  subject,  but  it  has  recently 
been  somewhat  simplified,  on  the  one  hand  by  the  passing  of  the  Load-Line 
Act,  and  on  the  other  by  the  deduction  of  a  few  formulae,  by  which  the 
work  involved  in  determining  the  effect  of  admitting  water  in  ships' 
holds,  placed  in  communication  with  the  sea,  is  greatly  reduced. 

The  fixing  of  a  line  above  which  ships  must  not  be  loaded  facilitated,  to 
a  very  great  extent,  this  enquiry,  for  the  reason  that  draught  plays  therein 
a  very  conspicuous  part,  as  will  be  readily  perceived  by  a  perusal  of  the 
mathematical  part  of  the  paper  ;  and  the  formulae  (for  their  deduction 
see  Appendix  A,  page  102)  make  the  task  of  comparing  ships  of  different 
types,  sizes,  proportions,  and  finenesses  comparatively  easy. 

True,  the  simplicity  of  the  formulae  is  due  to  some  assumptions,  but  it 
will  be  found,  so  the  writer  hopes,  that  these  assumptions  being,  indeed, 
of  no  importance,  will  not  materially  alter  the  result  that  would  be 
obtained  were  no  assumptions  made,  and  that,  therefore,  these  formulae, 
based  as  they  are  on  strictly  scientific  principles,  will  not  only  in  this 
investigation,  but  in  all  others  relating  to  the  unsinkability  of  ships  be 
of  considerable  serviceableness.  They  have  been  used  here,  and  by  their 
aid  the  writer  expects  to  reveal  a  few  rather  interesting  and  not  generally 
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known  facts  abont  the  subject  in  hand,  viz.,  the  nnsinkalHlitj  of  cargo 
vessels ;  it  is,  at  least,  in  these  expectations  he  now  commences  die 
investigation  proper. 

THE   PORMirLiS. 

Call  L  =  length  of  the  ship. 

„    J  =  moulded  draught. 

„    A  =  area  of  the  load  water-line. 

,,  lo  =  moment  of  inertia  of  the  load  water-line  about  a  transverse 
axis  through  the  centre  of  gravity. 

„  a  =  area  of  the  water  sur&ce  in  the  compartment  to  which 
water  is  admitted. 

y,    r  =  volume  of  the  compartment  to  draught  d. 

„  /  =  centre  of  gravity  of  the  water  in  the  compartment  fiom  the 
centre  of  buoyancy  of  the  ship. 

„  A  =  centre  of  gravity  of  the  water  surface  in  the  compart- 
ment from  the  C.6.  of  the  load  water-line. 

,,  2  =  ratio  of  the  water  admitted  to  the  total  volume  of  the 
compartment  v. 

„  €  =  ratio  of  the  distance  of  the  C.G.  of  the  water-line  from  the 
aft  perpendicular  to  the  length  of  the  ship. 

Then  put.  =  ^;«  =  —j^;7=L  ''>'•=  L'"=A17'  "°^ 
the  additional  draught  forward  = ?-— — ^  (  a  +  12  7(1  —  c)  |     (I.) 

do.  do.  aft         =  ^A^    [a  -   12  7  6  1    (II.) 

an  — 1271*  L  J    "^     ^ 

do.  at  the  middle  of  the  8hip=  —-^.^    «  ["  +  ^^ "'  (i-«)]  (HI-) 

do.  attheC.G.  oftheW.L.=  — (IV.) 

*  These  are  the  formulae  the  writer  proposes  for  calculations  of  this  soit. 
It  will  be  found  that,  for  their  application,  ver}'  few  data  are  required 
besides  those  generally  worked  out  in  drawing  offices  in  connection  with 
other  calculations  ;  and  on  this  account  that  the  use  of  these  expi-essions 
is  not  so  formidable  an  affair  as  may  appear  at  first  sight.  In  addition, 
it  may  not  be  out  of  place  to  mention  here  that  these  formulae  can  be 
reduced  to  a  simpler  and  more  acceptable  form  in  many  cases  where  less 
accuracy  is  needed,  as  will  be  seen  by  perusing  Appendix  A. 
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THE  CONDITIONS  FOR  UNSINKABILITY. 

It  is  absolutely  imperative  to  clearly  define  what  is  here  meant  by  the 
nnsinkability  of  ships. 

If  a  ship  fulfils  certain  conditions  with  regard  to  draught,  when  one 
of  her  principal  compartments  (such  compartment  being  bounded  by 
water-tight  bulkheads)  is  in  communication  with  tlie  sea,  she  is  called 
"  unsinkable  ; "  if  she  does  not  fulfil  these  same  conditions  she  is  termed 
"  sinkable.*'  At  the  same  time,  it  must  be  clearly  understood  that  the 
expression  "sinkable"  does  not  in  any  way  imply  that  the  ship  will  actually 
founder  if  one  of  her  compartments  is  in  communication  with  the  sea, 
but  merely  that  she  does  not  fulfil  the  conditions  laid  down  for  unsink- 
able ships.  There  may,  perhaps,  be  some  justification  for  applying  this 
latter  term  to  ships  that  would  not  actually  sink,  when  we  remember  that 
ships  which  exceed  the  draught  imposed  by  the  Board  of  Trade  are  called 
overladen,  although  they  may  not  actually  be  so. 

The  writer  experienced  some  difficulty  in  fixing  the  draughts,  above' 
which  no  ship  should  be  allowed  to  sink,  in  order  to  be  distinguished  as 
unsinkable,  but  finally  settled  the  matter  in  the  rather  unsatisfactory  way 
by  allowing  them  to  sink  to  the  most  extreme  draught  they  would  well 
nigh  float  on  with  some  degree  of  security. 

Thus  the  conditions  for  nnsinkability  are  that,  with  one  of  the 
principal  compartments  in  communication  witli  the  sea : — 

1. — The  draught  forward  must  not  exceed  88  per  cent,  of  the  sum  of 
the  moulded  depth  to  the  bulkhead-deck  and  the  sheer  forward.  • 

2. — The  draught  at  the  middle  of  the  length  must  not  exceed  98  per 
cent,  of  the  moulded  depth  to  the  bulkhead-deck. 

3. — The  draught  aft  must  not  exceed  92  per  cent,  of  the  sum  of  the 
moulded  depth  to  the  bulkhead-deck  and  the  sheer  aft. 

By  the  bulkhead-deck  the  writer  means  that  deck  where  the  bulk- 
heads stop.  It  is  in  one  and  two-deck  vessels  the  main-deck,  in  three- 
deck  vessels  the  upper-deck,  in  spar-deck  vessels  the  spar-deck,  and  in 
awning-deck  vessels  the  main-deck.  In  steamers  having  raised  quarter- 
decks connected  to  bridge  houses,  that  deck  is  the  bulkhead-deck  aft,  but 
the  main  or  upper-deck  forward. 

The  remaining  depths  or  freeboards  fore  and  aft,  viz.,  12  and  8  per 
cent,  of  the  total  depth,  may  perhaps  seem  unnecessarily  large,  but  it 
must  be  remembered  that,  with  these  apparently  large  freeboards  fore  and 
aft,  only  about  2  to  3  per  cent,  of  the  depth  remains  above  the  water  at 
quarter  and  three-quarter  length  of  the  vessel. 

In  one  single  instance  the  writer  thinks  he  can  reduce  the  stringency 
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of  the  rales  for  unsinkability  without  being  charged  with  favouritism,  that 
is  in  steamers  with  raised  quarter-decks  connected  to  bridge  houses,  for 
which  the  draught  at  the  middle  of  the  length  is  raised  to  the  moulded 
depth  when  the  after  compartments  are  in  communication  with  the  sea. 
This  can  be  done  on  account  of  the  great  protection  afforded  by  a 
continuous  raised  quarter-deck  and  a  solid  bridge  erection. 

ASSUMPTIONS  WITH  RKGARD  TO  THE  VESSELS. 

Sheer, — In  all  cases  the  mean  sheer  is  that  adopted  by  Lloyd's  in 
calculating  the  freeboard  tables.  The  sheer  forward  is  ^,  and  the  sheer 
aft  is  \  of  the  mean  sheer,  and  consequently  the  sheer  aft  is  half  the  sheer 
forward. 

Subdivision  with  transverse  bulkheads, — All  vessels  are  subdivided 
according  to  Lloyd's  requirements,  both  with  regard  to  the  number  of 
bulkheads  and  to  the  height  to  ^hich  they  are  carried. 

The  writer  must  ask  those  who  are  not  conversant  with  Lloyd's 
requirements  for  subdivision  to  refer  to  the  rules,  as  space  and  time  do 
not  permit  him  to  repeat  them  here. 

Spacing  of  water-tight  bulkheads, — The  writer  has  assumed  that 
steamers  under  330  feet  in  length  are  fitted  with  single-ended, 
and  above  that  length  with  double-ended  boilers.  The  total  length 
of  the  engine  and  boiler  compartment,  and  its  position  fore  and  aft, 
were  rather  difficult  to  settle  on,  as  the  engine  power  and  the  position 
of  the  compartment  vary  to  a  considerable  degree  in  cargo  steamers 
of  equal  length  ;  but  finally  the  following  simple  formulsB  were  adopted 
for  expressing  the  length  of  the  engine  and  boiler  compartment: — 

For  vessels  under  330  feet  —  +  15  feet, 

10 

over    330  feet  —  -f  25  feet, 

if  L  is  the  length  of  the  vessel,  and  its  centre  was  placed  1  per  cent,  of 
the  length  of  the  vessel  abaft  the  middle.  The  collision  and  after-peak 
bulkheads  were  placed  at  equal  distances  from  the  stem  and  stern 
respectively,  that  distance  being  8  per  cent,  of  the  length  of  the  vessel  for 
steamers  150  feet,  7*1  per  cent,  for  steamers  240  feet,  6*5  per  cent,  for 
steamers  330  feet,  and  6  per  cent,  for  steamers  400  feet  in  length. 

The  position  of  these  four  bulkheads  being  fixed,  there  still  remained 
to  be  settled  the  position  of  the  intermediate  bulkheads  in  the  fore  and 
after  holds  ;  and  it  was  decided  to  make  the  main  hold,  in  steamers  over 
280  feet  in  length,  5  per  cent,  of  the  length  of  the  vessel  longer  than  the  fore 
hold,  and  the  two  after-holds,  in  steamers  over  330  feet,  of  equal  length. 
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The  adopted  lengths  of  the  various  compartments  will  be  easily 
understood  by  a  reference  to  the  following  table : — 


LSNOTHS  OF  THB   COMFABTMBNTS   IV   PbBCBNTAOB  OF  THB    TOTAL    LENGTH 

OF  THB   VeSSBL. 


Length 
o<  the 
Veflsel. 

Fore- 
peiUE. 

150 

8-00 

240 

710 

( 

6-50 

330^ 

( 

6-50 

400 

6-00 

■ 

Comprt. 


Comint. 
S. 


0<HDprtB.  1  and  3. 
3300 


35-78 


1611 


2111 


15*36  j  20-36 


15-94 


20*94 


Engine 

and  Boiler 

Oomint. 


2000 


16-24 


14-56 
17-58 


16-24 


Oomprt. 
3. 

Comprt. 

After- 
peak. 

Total 

Oomprts.  3  and  4. 

31-00 

8-00 

100-00 

33-78 

7-10 

100-00 

35-22 

6-50 

10000 

16-85 

16-85 

6-50 

100-00 

17-44 

17-44 

6-00 

100-00 

Single-ended 

boilers. 
Double-ended 

boilers. 


Trm. — The  trim  of  the  vessel,  just  before  one  of  her  compartments  is 
placed  in  communication  with  the  sea,  has  a  great  effect  on  the  unsinka- 
bility.  If  the  vessel  trims  by  the  stem  the  ibre  compartments  are  placed 
at  an  advantage,  and  the  after  compartments  at  a  corresponding  disad- 
vantage, and  vice  versd.  Therefore  the  writer  thought  fairest  to  assume 
the  trim  of  all  the  vessels  at  the  time  of  the  accident  to  be  on  level  keel, 
although  he  well  knows  that,  in  many  cases,  they  would  actually  trim  by 
the  head,  and,  in  many  other  cases,  by  the  stem. 

Fineness  and  Proportions. — In  order  to  make  the  investigation 
tolerably  complete  in  some  respects,  the  writer  proposes  to  enquire 
into  the  effects,  on  the  unsinkability,  of  varying  the  fineness  and 
proportions  of  the  vessels  compared.  He  has  for  that  purpose  not 
only  fixed  two  finenesses,  -700  and  -790.  and  two  proportions  12  and 
15  depths  in  length,  depth  being  counted  to  the  bulkhead-deck,  but  also 
chosen  the  range  of  these  variations  sufficiently  extensive  to  therein 
include  the  majority  of  existing  cargo-cai-rying  vessels. 

Draught. — The  draught  at  which  the  vessels  are  tested  with  regard 
to  unsinkability  is  in  all  cases  Lloyd's  summer  load  draught.  Originally 
the  writer  intended  to  investigate  on-e  fineness  only,  and  chose  his  ton- 
nage coefficient  so  as  to  make  sure  that  the  vessels  would  not  be 
considered  overladen.  Afterwards,  when  he  decided  upon  investi- 
gating the  influence  of  fineness  on  the  unsinkability,  his  fii-st  intention 
was  to  work  out  the  tnie  drauglits  for  the  fuller  vessels  also ;  but  finding 
that  the  necessary  correclion  was  exceedingly  small  within  the  range  of 
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fineness  he  proposed  to  investigate,  he  did  not  carry  ont  that  intention, 
but  used  the  same  draughts  for  the  fnll  as  for  the  fine  vessel,  although 
this  is,  of  course,  not  strictly  right.  Therefore  the  finer  vessel  is  loaded 
a  trifle  under  her  disc  (about  2  inches  for  the  largest  size),  and  the  fuller 
just  the  same  amount  over  her  disc.  As  this  difference  is  exceedingly 
small,  the  writer  ventures  to  assert  that  none  of  his  conclusions  with 
regard  to  the  influence  of  fineness  on  the  unsinkability  are  in  the 
smallest  degree  affected  by  the  slight  discrepancy  in  the  draught,  to 
which  the  vessels  are  loaded. 

Loading. -^The  vessels  are  all  supposed  to  be  coal -laden.  That  cargo 
is  chosen  for  many  reasons,  among  which  the  writer  may  mention  the 
most  important.  It  is  an  extremely  common  cargo ;  it  will  in  the 
majority  of  cases  completely  fill  the  holds  to  the  bulkhead-deck  when 
the  vessel  is  at  her  load  draught ;  it  does  not  easily  change  its  nature  by 
contact  with  sea  water ;  and  the  amount  of  water  it  would  admit,  in 
case  of  damage  to  the  vessel,  can  be  so  easily  calculated  with  tolerable 
accuracy,  or  so  cheaply  ascertained  by  a  simple  experiment.  However, 
in  cases  where  that  cargo  does  not  fill  the  holds,  it  is  assumed  to  do  so, 
principally  because  such  an  assumption  greatly  simplifies  matters,  and 
also  because  that  condition  of  loading  puts  the  vessel  to  a  test  of  less 
severity  than  if  possibly  empty  spaces  in  the  compartments  under  the 
bulkhead-deck  were  taken  into  account. 

AMOUNT  OF  WATER  ADMITTED. 

(A)  Into  the  holds, — The  writer  has  estimated  the  amount  of  water  a 
coal  cargo  would  admit,  and  fouud  that  in  a  given  space  filled  with 
broken  coal,  60  per  cent,  is  occupied  by  solid  coal  and  40  per  cent,  by 
air,  which  latter  space  would,  of  course,  be  filled  with  water  in  case 
it  was  admitted.  No  doubt,  the  amount  of  empty  space  varies  to  some 
extent  with  the  quality  of  the  coal  and  with  the  stowage,  so  that, 
therefore,  the  40  per  cent,  must  not  be  considered  an  invariable  ratio ; 
however,  the  writer  believes  that,  if  it  be  borne  in  mind  that  there 
are  spaces  between  frames,  beams,  and  under  the  ceiling  which  admit 
nearly  lOU  per  cent.,  the  supposition  here  made  that  coal-laden  vessels 
admit  40  per  cent,  of  water,  in  case  of  their  compartments  being  in 
communication  with  the  sea,  is  no  exaggeration. 

(B)  Into  the  engiiie  and  boiler  compartments, — Assuming  the  side 
bunkers  full  with  coal,  and  allowing  for  the  displacement  of  engines  and 
boilers  and  other  machinery,  it  is  probable  that  the  engine  and  l)oiler 
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compartment  admits  not  less  than  70  per  cent,  of  water,  on  which  fiorure 
the  unsinkabilitj  of  steamers  having  that  compartment  damaged  is  based. 

The  writer  must,  at  this  stage,  express  his  regret  that  so  many 
assumptions  have  to  be  made  in  order  to  confine  the  investigation  within 
workable  limits.  It  is  evident  that  there  are  thousands  of  vessels,  nay, 
perhaps  every  vessel,  that  are  in  some  respects  diflferent  to  those  here 
selected,  but  it  is  also  equally  plain  that  there  is  no  need  for  examining 
every  existing  vessel  in  order  to  prove  in  a  general  way  the  sufficiency  or 
insufficiency  of  her  subdivision.  At  first  sight  it  may  appear  necessary 
also  to  enquire  into  the  unsinkability  of  vessels  with  a  different  spacing 
of  bulkheads,  but  it  will  be  found  further  on  that  although  in  a  few 
instances  a  different  spacing  would  effect  a  slight  improvement  in  the 
vessels,  it  would  certainly,  in  the  majority  of  cases,  aggravate  their 
condition. 

TYPES  OF  VESSELS  COMPARED. 

The  writer  has  selected  seven  different  types  for  examination,  viz., 
one,  two,  and  three-deck  vessels  without  erections ;  these  vessels  with 
erections,  consisting  of  poop,  bridge,  and  forecastle,  covering  -5  of  the 
length  of  the  vessel ;  vessels  with  poop  or  raised  quarter-deck  connected 
to  bridge  houses,  and  forecastle,  covering  -7  and  '9  of  the  length  of  the 
vessel  respectively,  the  former  vessel  representing  a  steamer  with  a  short, 
and  the  latter  a  steamer  with  a  long  bridge ;  the  spar-deck  vessel ;  the 
awning-deck  vessel,  and  the  sailing  vessel. 

Vessels  with  shorter  erections  than  '5  of  the  length  are  excluded  from 
this  enquiry,  because  their  nnsinkable  properties  are  easily  interpolated 
when  the  unsinkability  of  the  first  two  types  is  known. 

LENGTHS  OF  VESSELS. 

The  writer  will  consider  vessels  from  170  to  400  feet  in  length  for  all 
types,  with  the  exception  of  the  spar-deck  type,  the  lower  limit  of  length 
for  which  he  is  compelled  to  fix  to  280  feet,  due  to  the  incompleteness 
of  the  freeboard  tables. 

It  IS,  therefore,  plain  at  this  juncture  that  the  writer  intends  t<:) 
investigate  the  unsinkability  of  vessels  of  seven  different  types,  of  two 
finenesses,  of  two  proportions,  and  of  lengths  varying  from  170  to 
400  feet,  all  loaded  with  cargo  admitting  40  per  cent,  of  water.  But  he 
is  obliged  to  limit  the  number  of  varieties  that  may  grow  out  of  com- 
bining these  elements  of  difference,  and  therefore  proposes  to  only  prepare 
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three  sets  of  diagrams,  each  coDsisting  of  six  plates.  The  first  set  will 
show,  for  varying  lengths,  the  unsinkability  of  vessels  of  12  depths  in 
length,  and  of  '700  in  fineness.  The  second  set  will  combine  vessels  of  12 
depths,  with  a  coefficient  of  fineness  of  '790;  this  set,  therefore,  compared 
with  the  first  set,  showing  the  influence  of  fineness,  whereas  the  third  set 
will,  by  combining  15  depths  in  length  with  a  fineness  of  '700,  show  the 
influence  of  proportions  on  the  unsinkability. 

Of  these  sets  of  diagrams,  only  the  first  set  (Plates  VII.  to  XII.)  is 
printed  in  connection  with  the  paper.  The  other  two  sets,  being  similai: 
in  nature  to  the  first  set,  would  only  encumber  the  Transactions  to  no 
purpose,  and  are  therefore  omitted  ;  but  what  the  writer  has  learnt  from 
them  will  be  found,  further  on  in  the  body  of  the  paper,  and  in  the 
two  tabulated  statements  (Tables  II.  and  III.,  pages  101  and  102)  that 
are  appended. 

INTERPRETATION  OP  THE  DIAGRAMS  (PLATES  VII.  TO  XII.). 

Each  of  the  six  diagrams  of  the  first  set  represents  one  distinct  type 
of  vessel.  No  diagram  for  the  seventh  type,  or  the  sailing  vessel,  was 
made,  as  the  unsinkability  of  that  type  can  be  easily  ascertained  without 
such  assistance.    (Appendix  B,  page  107). 

The  abscissaB  represent  lengths  of  vessels,  and  the  ordinates  the 
draughts  to  which  the  vessels  would  sink  if  one  of  their  principal  com- 
partments was  admitting  water.  There  is  one  draught  curve  (in  black) 
for  each  principal  compartment,  being  three  for  steamers  under  280  feet, 
four  for  steamers  between  280  and  330  feet,  and  five  for  steamers  above 
330  feet.  Across  these  lines  just  mentioned,  three  other  lines  (in  red) 
of  a  different  nature  are  drawn,  representing  the  maximum  draughts 
forward,  middle,  and  aft  respectively,  to  which  the  vessels  are  allowed  to 
sink  in  order  to  fulfil  the  conditions  for  unsinkability  laid  down  at  the 
beginning  of  the  paper. 

It  is,  then,  plain  that  the  relative  position  of  these  two  sets  of  lines 
determine  the  unsinkability. 

The  diagrams  have  to  be  so  interpreted  that  wherever  the  draught 
lines  appertaining  to  the  vessels  are  below  those  representing  the  maxi- 
mum draughts,  the  vessels  are  unsinkable ;  where,  on  the  other  hand,  the 
former  are  above  the  latter,  the  vessels  are  sinkable,  and  consequently 
that  the  intersection  of  these  lines  fixes  the  points  on  the  length  scale, 
where  the  change  from  unsinkability  to  sinkability  takes  place,  or  in 
other  words  the  minimum  length  for  unsinkable  vessels. 
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INFLUENCE  OF  TYPE. 

Diagram  1,  Plate  VII, — One,  two,  or  three-derk  vessels  without 
erections. — The  relative  position  of  the  curves  shows  that  all  steamers  of 
this  type  uader  205  feet  in  length  are  sinkable,  whatever  compartment  may 
be  damaged ;  that  from  205  to  280  feet  the  only  unsinkable  compartment 
is  the  engine  and  boiler  room  ;  that  from  280  to  330  feet  these  steamers 
would  sink  if  the  afber-hold  was  struck,  and  that  above  the  latter  length 
they  are  unsinkable. 

Diagram  2,  Plats  VIII, — Vessels  with  poop,  bridge,  and  forecastle, — 
The  behaviour  of  this  type  is  much  similar  to  that  previously  treated,  the 
only  diflference  being  that  here  no  vessel  under  255  feet  is  unsinkable,  no 
matter  what  compartment  may  be  struck. 

Diagrams  3  and  4,  Plates  IX,  andX, — Vessels  with  forecastles  having 
poops  or  raised  quarts-decks  connected  to  bridge  houses,  the  erections  covering 
seven^tenths  or  nine-tenths  of  the  length  of  the  vessel, — It  will  be  noticed 
that*  on  these  two  diagrams  three  additional  curves  are  drawn.  These 
three  curves  only  refer  to  the  raised  quarter-deck  type,  and  have  nothing 
whatever  to  do  with  vessels  having  long  poops.  The  black  dotted  curve 
represents  the  draught  at  the  middle  of  the  length  in  case  the  after-hold 
is  damaged,  and  the  two  others  (red  dotted)  the  maximum  permissible 
draught  aft  and  middle  in  case  of  damage  to  that  same  compartment. 
(In  calculating  the  first  of  the  latter  curves  the  raised  quarter-deck  was 
in  all  cases  assumed  4  feet  in  height.) 

Perhaps  here  is  the  very  place  for  mentioning  that  the  only  draught 
that  need  be  calculated  in  this  enquiry  is  for  that  end  of  the  vessel  where 
the  dam^e  is  situate  except  in  the  case  just  mentioned,  or  otherwise  very 
small  raised  quarter-deck  steamers  would  appear  unsinkable  if  damaged 
abaft  the  engine  room. 

A  singular  exception  with  regard  to  the  rules  for  water-tight  bulkheads 
exists  in  raised  quarter-deck  steamers  built  on  the  web-frame  principle. 
If  the  depth  to  the  top  of  the  raised  quai-ter-deck  at  the  centre  line  of 
the  vessel  is  between  24  and  28  feet,  and  the  after-hold  fitted  with  web- 
frames,  carried  up  to  the  raised  quarter-deck,  a  water-tight  bulkhead  is 
prescribed  to  be  fitted  aft,  about  half-way  between  the  engine  room  and 
the  after-peak  bulkheads.  In  that  exceptional  case  alone,  raised  quarter- 
deck steamers  are  the  only  steamers  under  330  feet  in  length  that  are 
unsinkable  aft  ;  and  it  will  therefore  be  understood  that  in  the  examina- 
tion of  the  unsinkability  of  the  after  compartment  in  raised  quarter-deck 
steamers  under  330  feet  in  length,  the  above  steamers  are  exempted. 

Long  poop  steamers. — Discussing  now  Diagrams  3  and  4,  and  con- 
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sidering,  in  the  first  instance,  steamers  with  long  poop  (the  erections 
covering  "7  length)  (Diagram  3)  it  will  be  found  that  no  such  steamer 
under  285  feet  in  length  is  provided  with  one  single  compartment  small 
enough  to  prevent  foundering  in  case  of  collision ;  that  at  285  feet  the 
engine  and  boiler  compartment  becomes  unsinkable,  at  295  feet  the  fore- 
hold,  at  325  feet  the  main  hold,  and  that  firet  at  340  feet  every  compart- 
ment gains  the  distinction  of  unsinkabilitj. 

If  the  erections  cover  '9  length  (Diagram  4)  the  matters  grow  worse. 
Here  no  steamer  under  310  feet  in  length  is  provided  with  one  single 
unsinkable  compartment,  the  engine  and  boiler  room  is  secure  at  310  feet, 
and  remains  so,  except  for  a  short  length  from  830  to  840  feet,  this 
anomaly  being  due  to  the  increased  length  of  boiler  room  for  steamers 
above  330  feet,  the  fore-hold  becomes  unsinkable  at  330  feet,  the  main 
hold  at  355  feet.  No.  3  hold  at  360  feet,  and  finally  the  aftermost  hold 
at  375  feet,  at  which  length  all  steamers  of  this  type  are  unsinkable. 

Raised  quarter-deck  steamers. — On  the  other  hand  raised  quarter- 
deck steamers  over  330  feet  in  length  are  a  great  deal  superior  aft,  as 
their  compartments  so  situated  are  all  unsinkable.  There  is,  however, 
no  superiority  in  case  of  damage  to  the  engine  and  boiler  room  or  the 
fore  compartments,  and  therefore  raised  quarter-deck  steamers  with 
erections  covering  '7  length  are  first  completely  unsinkable  at  330  feet, 
and  with  erections  of  '9  length  at  355  feet. 

Diagram  5,  Plate  XL — Atvning-deck  steamers, — Now  analysing 
Diagram  5,  or  that  representing  the  awning-deck  steamer,  the  revela- 
tions here  made  are  far  from  cheering.  The  fact  is  that  no  awning-deck 
steamer  under  350  feet  in  length  is  provided  with  one  single  unsinkable 
compartment.  The  fore-hold  becomes  unsinkable  at  that  length,  the 
engine  and  boiler  room  at  365  feet,  compartments  2  and  3  at  385  feet, 
and  at  last  the  aftermost  compartment  at  400  feet.  Thus  no  awning- 
deck  steamer  under  400  feet  in  length,  constructed  according  to  Lloyd's 
rules  with  regard  to  subdivision,  is  unsinkable  if  loaded  with  a  cargo 
admitting  40  per  cent,  of  water. 

Diagram  6,  Plate  XII, — Spar-deck  steamers, — There  is  now  only  one 
type  of  steamer  left  for  examination,  and  were  it  not  for  that  type,  and  that 
type  alone,  the  prospects  of  finding  anything  satisfactory  in  the  sub- 
division of  steamers  would  be  very  small  indeed.  The  spar-deck  steamer, 
unlike  its  predecessors,  presents  a  difierent  spectacle  from  the  point  of 
view  of  unsinkabilioy,  and  if  that  most  unfortunate  omission  of  the  bulk- 
head forward,  in  steamers  under  280  feet,  and  aft,  in  those  under  330 
feet,  was  not  even  here  to  be  found  the  subdivision,  of  these  steamers 
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wonld  be  sufficient  to  secare  them  a  fair  amoant  of  freeboard,  be  it 
forward,  middle,  or  aft,  in  case  of  their  compartments  being  placed  in 
oommnnication  with  the  sea. 

Sailing  vessels. — Nothing  encouraging  can  be  said  about  this  type. 
It  is  easy  to  show  by  a  short  and  simple  calculation  (Appendix  B,  page 
107)  that  if  sailing  vessels  are  struck  abaft  the  collision  bulkhead  they  have 
a  chance  of  escaping  foundering,  and  the  reason  is  simply  this,  that  they, 
by  the  mles,  require  no  subdivision  at  all. 

After  completed  inspection  of  the  se^en  different  types  of  vessels,  the 
first  thought  that  must  forcibly  strike  every  one  is  the  exceedingly  great 
influence  of ''  type  "  on  the  unsinkable  qualities  of  vessels.  From  the  spar- 
deck  steamer  which  would  be,  but  for  an  unfortunate  omission,  practically 
unsinkable,  matters  gradually  grow  worse  and  worse  until  the  awning- 
deck  steamer  is  reached,  which  type  is  first  entirely  unsinkable  at  400 
feet  in  length,  and  the  sailing  vessel  which  is  in  all  cases  sinkable  and 
completely  deprived  of  any  means  of  preventing  a  disaster. 

The  following  list  will  give  some  idea  of  the  relative  merits  of  the 
difiierent  types  with  regard  to  unsinkability  : — 

(1)  Spar-deck  vessels. 

(2)  One,  two,  and  three-deck  vessels,  without  erections. 

(8)  One,  two,  and  three-deck  vessels,  with  erections,  consisting  of 

poop,  bridge,  and  forecastle. 
(4)  Raised  quarter-deck  steamers,  with  short  bridge. 
(6)  Steamers  with  poop  connected  to  short  bridge  houses. 

(6)  Raised  quarter-deck  steamers  with  long  bridge. 

(7)  Steamers  with  poop  connected  to  long  bridge,  and  forecastle. 

(8)  Awning-deck  steamers. 

(9)  Sailing  vessels. 

Now,  having  completed  the  examination  of  the  influence  of  type  on 
the  unsinkability,  the  influence  of  fineness  and  proporti<ms  remain  to  be 
investigated. 

INFLUENCE  OF  FINENESS. 

As  stated  in  another  place,  the  writer  has,  while  maintaining  the  same 
proportions  of  depth  to  length,  and  similar  spacing  of  bulkheads,  varied  the 
fineness  so  as  to  ascertain  its  influence  on  the  unsiukability.  It  appears, 
then,  that  although  the  influence  of  fineness,  at  least  within  the  small  range 
here  examined,  and  which  range,  ne\'ertheless,  embraces  the  majority  of 
oargo-carryiog  vessels,  must  be  subordinate  to  that  of  '^  type,"  yet  its  main 
features  are  not  altogether  without  interest  and  importance. 

VOL.  VIL— UM  ^ 
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As  the  vessel  increases  in  fulness,  the  danger  of  having  the  end  com- 
partments struck  becomes  more  and  more  apparent.  This  very  inferiority 
of  full  vessels  is,  however,  of  this  advantage,  that  it  improves  the  unsink- 
ability  of  their  central  portion. 

Now,  as  increased  fulness  aggravates  the  condition  of  the  end  com- 
partments, and  improves  that  of  the  centre  compartment,  it  follows  that 
the  influence  of  a  change  in  the  fineness  on  the  intermediate  compart- 
ments (2  and  3)  is  small,  and  that  there  is  a  position  somewhere  between 
the  ends  and  the  centre  jrhere  a  variation  in  the  fineness  of  the  vessel  has 
no  influence  on  the  unsinkability  at  all.  But  all  that  is  of  more  imme- 
diate importance  to  remember  is  the  fact  that  the  end  compartments  in 
full  vessels  must  be  made  shorter  than  in  fine  ones.  This  is  plainly  seen 
by  a  comparison  of  the  influence  of  fineness  on  holds  1  and  2.  In  the  fine 
vessel,  damage  to  No.  2  hold  is  of  far  greater  consequence  than  damage  to 
No.  1  hold,  whereas,  in  the  fiill  vessel,  although  No.  1  hold  is  5  per  cent, 
of  the  length  of  the  vessel  shorter  than  No.  2  hold,  its  effect  on  the  unsink- 
ability is  far  greater. 

INFLUENCE  OP  PROPORTIONS. 

In  order  to  ascertain  the  influence  of  varying  the  proportions,  the 
writer  has,  while  retaining  the  same  coefficient  of  fineness,  *700,  made 
similar  calculations  for  vessels  of  15  depths  in  length  to  those  already 
executed. 

So  as  to  clearly  understand  a  comparison  of  the  results  obtained,  the 
best  procedure — the  writer  believes — is  to  introduce  here,  before  pro- 
ceeding further,  some  preliminary  explanation  as  to  the  effect  of  changes 
in  the  proportions  on  the  various  elements  influencing  the  unsinkability. 

With  a  fixed  length  of  vessel,  a  decrease  of  depth,  so  as  to  arrive  at  vessels 
of  15  depths  in  length,  produces  two  simultaneous  changes  in  the  relation 
between  draught  and  depth,  or  in  the  draught  ratio.  One  is  purely  due 
to  the  diminished  depth,  and  tends  to  increase  the  draught  ratio,  the  other 
is  due  to  the  vessel  becoming  of  greater  length  in  relation  to  depth,  and 
tends  to  lessen  that  same  ratio.  This  penalty  put  on  great  length  in 
relation  to  depth  is  considerable  in  spar-deck  and  one,  two,  or  three-deck 
steamers  without  erections,  and  with  erections  consisting  of  poop,  bridge, 
and  forecastle,  whereas  it  is  only  one-half  the  latter  amount  in  steamers 
with  a  raised  quarter-deck  or  a  long  poop,  and  smaller  still  in  steamers 
with  an  awning-deck.  Thus,  the  baneful  influence  of  increased  draught 
ratio  due  to  decrease  of  depth  is  counterbalanced  by  this  penalty  for 
excessive    length,   but   to   a    different   degree    in    the   various    types, 
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ibis  penalty  being  most  effective  in  spar  and  flnsb-deck  steamers,  but 
nearly  ineffective  in  raised  quarter-deck,  long  poop  and  awning-deck 
steamers. 

However,  tbis  advantage  due  to  the  penalty  put  on  excessive  length 
is  of  insufficient  amount  to  compensate  for  the  increased  draught  ratio 
due  to  decreased  depth  ;  and  were  it  not  so,  that  the  decrease  of  depth 
also  caused  the  maximum  draught  ratio  (fore  and  afb,  but  not  centre) 
to  which  vessels  may  sink  to  be  termed  unsinkable,  to  increase  (this 
being  due  to  the  sheer  being  only  dependent  of  length),  thus  in  one 
sense  raising  the  limits  for  unsinkability,  the  writer  is  afraid  that  vessels 
of  16  depths  in  length  would  turn  out  inferior  to  those  of  12  depths. 
Now,  fortunately,  it  is  not  generally  so,  and  it  will,  in  all  probability, 
not  be  difficult  after  a  moment's  reflection  to  comprehend  (1)  that  the 
unsinkability  of  the  engine  and  boiler  room  is  always  adversely  affected 
by  this  change  in  the  proportions  ;  and  with  respect  to  the  other  com- 
partments (2)  that  their  condition  has  improved  in  one,  two,  and  three- 
deck  steamers  without  erections,  and  with  erections  consisting  of  poop, 
bridge,  and  forecastle,  and  in  spar-deck  steamers  ;  (3)  that  the  condition 
of  the  after  compartments  of  the  raised  quarter-deck  steamer  has  im- 
proved ;  (4)  that  the  long  poop  steamer  and  the  fore  compartments  of 
the  raised  quarter-deck  steamer  with  a  short  bridge  are  only  slightly 
affected  ;  (5)  that  the  condition  of  the  long  poop  and  the  fore  compait- 
ments  of  the  raised  quarter-deck  steamer  with  a  long  bridge  is  generally 
worse  ;  and  finally,  (6)  that  awning-deck  steamers  of  15  depths  are,  all 
round,  much  inferior  with  regard  to  unsinkability. 

The  writer  has  also  prepared  three  tables  (Tables  I.,  II.,  and  III.,  pages 
101  and  102)  showing  the  minimum  lengths  of  vessels  at  which  the  various 
compartments  become  unsinkable  for  the  purpose  of  not  only  forming  a 
check  on  the  statements  put  forth  in  the  part  of  the  paper  dealing  with 
influence  of  fineness  and  proportions,  but  also  with  a  view  to  presenting 
these  very  statements  in  a  more  attractive  and  intelligible  form.  The 
figures  given  are  lifted  direct  from  the  curves,  and  are  obtained  by  reading 
off  the  length  of  vessel  at  which  the  maximum  draught  lines  intersect 
the  lines  representing  the  draughts  in  the  damaged  condition. 

TRANSVERSE  STABILITY. 

It  is  needless  to  say  that  possible  changes  in  the  transverse  stability  by 
the  admission  of  water,  should  also  be  inquired  into ;  but  as  an  exhaus- 
tive treatment  of  that  subject  does  not  form  part  of  the  writer's  intentions 
with  the  present  paper,  it  will  be  dismissed  with  a  few  genei'al  remarks. 
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The  change  in  the  transverse  stability  by  the  admission  of  water  in 
vessels  at  their  load  draught  generally  amoants  to  a  slight  increase  in  the 
metacentric  height  and  considerable  decrease  in  the  value  of  the  angle 
of  vanishing  stability.  On  account  of  this  increase  in  the  metacentric 
height  the  subject  loses  its  immediate  importance,  as  vessels  provided  with 
ample  metacentric  height  in  their  loaded  condition  suffer  no  loss  to  their 
initial  stability  by  the  admission  of  water.  On  the  other  hand,  the 
importance  of  providing  against  the  increased  danger  caused  by  the  loss  of 
range  of  stability  must  be  recognised  in  the  determination  of  the  limits 
of  draught  at  which  vessels  should  be  considered  unsinkable. 

The  present  investigation  is  now  finished.  Some  questions,  however, 
remain  to  be  considered  in  connection  with  the  subject,  such  as  the 
influence  of  sheer,  the  influence  of  varying  the  percentage  of  water 
admitted,  and  a  few  minor  points,  and  also  the  all-important  problem, 
'^  How  is  a  vessel  to  be  subdivided  so  as  to  be  unsinkable  ? "  and 
*'  What  is  the  smallest  number  of  compartments  required  for  that  pur- 
pose ?  "  It  is  evident  that  it  would  be  futile  to  attempt  a  solution  of  the 
latter  problems  before  the  following  questions  are  settled  : — 

1. — ^Are  the  formulsB  used  in  the  present  investigation  accurate 
enough  for  solving  these  problems  ? 

2. — What  should  be  the  minimum  fireeboard,  forward,  middle,  and  aft, 
to  ensure  unsinkability  ? 

3. — What  percentage  of  water  should  be  supposed  to  be  admitted  in 
vessels,  built  for  general  trading  purposes,  in  case  of  damage  ? 

4. — Is  it  sufficient,  in  attempting  to  provide  adequate  subdivision,  to 
assume  that  only  one  of  the  principal  compartments  is  in  communication 
with  the  sea  ? 

It  would  also  be  of  general  advantage  if  the  members  of  this  Institu- 
tion, besides  giving  a  decisive  answer  to  the  above  questions,  would  also 
record  their  experience  with  regard  to  the  amount  of  water  admitted  by 
such  cargoes  as  grain,  cotton,  wool,  tea,  coal,  etc. 

The  writer  is  sure  that  it  would  be  a  simple  matter  for  many  members 
to  make  some  trifling  experiments  to  the  effect  of  ascertaining  the 
quantities  of  water  admitted  by  the  most  common  cargoes,  and  he  is  also 
certain  that  such  information,  if  collected  and  printed  in  the  Transactions, 
would  be  of  the  utmost  value,  as  it  would,  among  other  things,  greatly 
facilitate  and  advance  the  solution  of  the  all-important  problem  :  "  Which 
is  the  proper  subdivision  for  cargo-carrying  vessels  ?  " 


•  •  • 
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TABLE   I. 
Showing  the  Minimum   Lengths   at  which  Vessels  ov   12  Depths  in 
LsNOTH,  with  a  Coefficient  of   Fineness  of  '700   and   admitting 
40  peb  Cent,  of  Wateb,  akb  Unsinkable. 


Ck>MPARTMElTT. 

One, 

Two, 

and 

Three 

Deck. 

With 
Erec- 
tions, 
■6 
Length. 

Raised 
Quarter 
Deck 
and 
Erec- 
tions, 
7 
Length. 

Long 
Poop 
and 
Erec- 
tions, 
7 
Length. 

Baised 
Quarter 
Deck 
and 
Erec- 
tions, 
•9 
Length. 

Long 
Poop 
and 
Erec- 
tions, 
•9 
Length. 

Awning 
Deck. 

Spar 
Deck, 

SaiUng 
Vessel. 

Compartment  1  ... 

under 
280 

under 
280 

295 

295 

330 

330 

350 

under 
280 

Do.              2  ... 

under 
280 

under 
280 

325 

325 

355 

355 

385 

under 
280 

t£ 

Do.       1  &  2    .. 

280 

280 

•  •  • 

•  •  ■ 

•  ■  • 

•  •  ■ 

•  •  • 

280 

t 

En^e  and  Boiler 
Boom 

205 

255 

285 

285 

310  & 
340 

310  & 
340 

365 

under 
280 

0} 

=3 

Compartment  8  ... 

under 
330 

under 
330 

330 

330 

330 

360 

385 

under 
330 

^ 

Do.             4  ... 

under 
330 

under 
330 

330 

310 

330 

376 

400 

under 
830 

Q? 

1 

M 

Do.            3  &  4 

330 

330 

t 

•  •  • 

•  •  • 

•  • « 

... 

•  •  • 

330 

0 

•■•4 

Do.            3  &  4 

•  •  • 

•  •  • 

300 

•  •  • 

330 

*• . 

•  •  • 

•  •• 

(Draaght  at  the 
middle  of  length) 

TABLE  II. 
Showing  the  Minimum  Lengths  at  which  Vessels  op  12  Depths  in 
Length,  with  a  Coefficient    of    Fineness  op  '790  and  Admitting 
40  PEB  Cent,  op  Wateb,  abe  Unsinkable. 


OOMPA&TMENT. 

One, 
Two, 
and 
Three 
Deck. 

With 
Erec- 
tions, 

•5 
Length. 

Baised 
Quarter 
Deck, 
Erec- 
tions, 

7 
Length. 

Long 
Poop, 
Erec- 
tions, 
7 
:Length. 

Baised 
Quarter 
Deck, 
Erec- 
tions, 
•9 
Length. 

Long 
Poop, 
Erec- 
tions, 

•9 
Length. 

Awning 
Deck. 

Spar 
Deck. 

Sailing 
VesseL 

Compartment  1    ... 

under 
280 

310 

330 

330 

365 

365 

395 

under 
280 

under 
Do.         2    ...     280 

under 
280 

310 

310 

345 

345 

375 

under 
280 

Do.         1  &  2 

280 

280 

•  •  • 

■  •  • 

•  •  • 

•  •• 

•  •• 

280 

t 

Engine  and  Boiler 
Room 

200 

250 

280 

280 

305  & 
835 

805  & 
335 

360 

under 
280 

s 

under 

Compartments   ...j   330 

under 
330 

330 

330 

330 

360 

390 

under 
330 

08 
O 

1            Do.         4    ... 

i 

under 
330 

350 

330 

380 

330 

over 
400 

over 
400 

under 
330 

a 

Do.         3  &  4 

330 

330 

•  •  • 

•  •  ■ 

•  •• 

•  •  • 

•  •  • 

330 

Do.         8  &  4 
(Draught  at  the 
middle  of  length) 

•  •• 

•  •• 

315 

•  •  • 

380 

•  ■  • 

•  •  • 

■  •  • 
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TABLE   in. 

Bhowdtg  the  MnoMXTM  Lengths  at  which  Vessels  of  15  Depths  ik 
Length,  with  a  (Coefficient  of  Fineness  of  -700  and  Admittihg 
40  FEB  Cent,  of  Water,  abe  Unsinkable. 


! 

1 

1 

1 

COMPARTmKT. 

1 

One, 

Two, 

and 

Three 

l>eek. 

With 
Ereo- 

taons, 

•5 
Length. 

Baiwd 
Quarter 
I>eek. 
Erec- 
tions, 

1 
Length. 

'Baiaed 
Long    Quarter     Jjoag 
Poop,  '  Deck,      Poop, 
Ereo-   1   Erec-      Ereo- 
tioos,      tiona,       tknu, 

7-9             -9 
Length.  Length.  .Length. 

Awning 
Deck. 

Spar 
Deck. 

gpllfaMr 

YeSZ 

Compartment  1  ... 

nnder 
280 

under 
280 

under 
280 

under 
280 

330 

330 

355 

under 
280 

Do.             2  ... 

under 
280 

under 
280 

295 

295 

365 

365 

OTer 
400 

under 
280 

.j: 

Do.            1  &  2 

280 

280 

280 

280 

•  «  ■ 

•  •• 

••• 

280 

i 

Engine  and  Boiler 
Room 

206 

260 

315 

315 

380 

380 

over 
400 

under 
280 

S 

=3 

Compartment  3  ... 

under 
330 

under 
330 

330 

350 

330 

390 

OTer 
400 

nnder 
330 

Pi 

Do.             4  ... 

under 
330 

under 
330 

330 

365 

330 

OTBT 

400 

orer 
400 

under 
330 

OQ 

Do.            3  &  4 

330 

330 

•  ■• 

•  •  • 

.«• 

•  •  • 

•  •  • 

380 

Do.            3  &  4 

•  •• 

•  •  • 

330 

•  •  • 

330 

•  •• 

•  •  • 

••• 

(Draught  at  the 
middle  of  length) 

Call 


APPENDIX  A. 

DEDUCTION  OP  THE  FORMULiE. 

fi  =  length  of  the  ship. 

d  =  moulded  draught. 

A  =  area  of  the  water-line  at  draught  d, 

a  =  area  of  the  water  surface  in  the  compartment  to  which 
water  is  admitted  at  draught  d. 

Iq  =  moment  of  inertia  of  A  about  a  transverse  axis  through 
the  centre  of  gravity. 

V  =  volume  of  the  compartment  to  draught  d. 

5  =  ratio  of  the  space  in  the  compartment  occupied  by  water 
to  the  total  volume  v. 

I  =  centre  of  gravity  of  the  water  in  the  compartment  from 
the  centre  of  buoyancy  of  the  ship. 

h  =  centre  of  gravity  of  the  water  surface  in  the  compart- 
ment from  the  centre  of  gravity  of  the  water-line  A. 
also  ^1  =  mean  draught  of  the  ship  after  admitting  water. 

„    Vi  =  volume  of  the  compartment  to  draught  di. 
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Then  assuming  the  water-line  at  draught  ^  to  be  equal  to  A — 

^=rf+^'    (1) 

also  Vi  =  v  +  a(di  —  d);  OTMdi  —  d  =  -^ .      .      (from  (1)) 

V 

^1=  ^• 

-  oa 

A 

This  latter  expression  involves  the   assumption   that  a   will    not 
materially  alter  for  a  slightly  increased  mean  draught. 

Now  call  _=m (1^) 

oa 

and  Vt  is  = x  v (2) 

wi  —  1 


• 

V 


Consequently  from  (1)  and  (2) — 

a(m  —  \) 
or  calling  m  —  l=n (2^) 

an 

and  the  additional  draught  =  A  =  — (8) 

^  an 


TRAVEL  OP  THE  CENTRE  OP  BUOYANCY. 

Call  the  travel  of  the  centre  of  buoyancy  =  ^,  and 

/  -  ^^  X  Z 
W 

if  W  is  the  total  volume  of  the  ship  at  draught  d\  or— 

1        \a)       . 

(?) 


/^  -  i  X   ^^  X  /  .     .     (from  li  and  2A) 
n       /  W\ 


Call  — 3  =  ^^  ^^^  x:j  =  '^  5 

fla  Aa 

and  Zi  =  ^  X  -  X  Z (4) 


This  is,  consequently,  the  travel  of  C.B. 
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TRIM. 

The  trim  is  the  travel  of  C.B.  x  , rr—^. — r- -i. .       i 7s->,  ; 

longitudmal  metacentre  above  O.G. 

but  put  for  simplicity — 

m  .         .        1    if  nu  w  length  of  ship  Zi  x  L  x  W 

Trim  =  travel  of  C.B.  x  , 7^ — r r^- — t^^^-  = ^ • 

long,  metacentre  above  O.B.  1 

Calling  Aa  =  C.Q.  of  the  damaged  water-line  from  the  aft  perpen- 
dicular— 

Trim  forward =(L  —  h^)  x  -^  .....      (5) 

Z  W 
„  aft  =     -.^^X^ (6) 

„  at  the  middle  of  the  length  =  (^^  — /ij^  ^  %-        ...      (7) 
„  at  C.G.  of  the  water-line    =0 (8) 

CENTRE  OF  GRAVITY  AND  MOMENT  OF  INERTIA  OF  THE 

DAMAGED  WATER-LINE. 

h  =  centre  of  gravity  of  a  from  C.G.  of  A, 
Aj  =     „  „  A  —  a    „     „    A  =  the  travel  of  C.Q. 

h  •{•  h^  =  C.G.  of  a  from  C.G.  of  A  —  «. 
Then  if  Ba  is  the  lost  surface— 

A  Ai  =  a  a  (A  +  /ii) ; 

or  ^  =  -r 1—  X  A  =  -r X  h 

A— 5«  A^  ___ 

Ba 
=  -^  X  A=  -        (9) 

Call  lo  =  moment  of  inertia  0^  the  undamaged  water-line, 
and  l  =  To  +  Ahi"  --^i  +  Sa{h  +  h.y'j 

if  /  =  moment  of  inertia  of  B  a  about  its  own  centre  of  gravity. 

A  h 

If,  now,  i  is  put  =  0,  and  B  a  =  and  L  =    — 

n  +  I  n 

7r       n  +  1  \         71  / 

=  1„  +  A//'      4  -  ^ ^ 

L_ »        M  +  1   I 

=  i"-T-' ^^'^^ 

=  moment  of  inertia  of  the  damaged  water-line  about  its 
own  centre  of  gravity. 
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Put  also  lo  =  =!^  A  L'  and  ^  =  71  L,  and,  finally, 

Now,  callings  ?  =  7  L,  the  following  expression  is  obtained  by  an  easy 
reduction: — 

I     "  L  (a  n  -  12  7i') ^  ^ 

What  is  now  required  is  to  find  the  value  of  ^,  and  the  problem  is  solved. 
p  .     _  O.G.  of  undamaged  water-line  from  aft  perp. 
""  Length  of  ship. 

ThenA,=  L-Aa.     As^=^  =  ^,   ^  =  e  L  - ''^,  and  therefore 

n         n  n 

ThnB,  the  trim  forward  =  f  (1-e)  +  lO  x       ^^  "  1^  .   and    the 
additional  draught  forward — 

=  'j  +  — fL4_,  X  i2-rr(i-.)+  jKii 

n         o n  —  12  7,'  '  L ^  ^  ^    n-i 

=  ^45— .["  +  12  7(1-*)- ^^'^'(71 -7)1-     • 

o  n  —  12  7i*  L  n  J 

Patting  ^l'  (71  -  7)  =  0, 
n 

the  additional  draught  forward — 

=  7^r^'[-  +  ^^'^^^-')] <J-) 

The  additional  draughts  aft,  at  the  middle  of  the  ship  and  at  the  0.0. 
of  the  damaged  water-line  are  easily  found,  being — 

Additional  draught  aft         =  ^— ^ — j  j  a— 12  7  el.    .    .     (II,) 

Do.  middle  of  length=  ^^J^^    ,  ["  +  12  7  (J  -  e)]  (III.) 

Do.  at  O.G.  of  W.L.=  ^ (IV.) 

These  are  the  expressions  to  be  used  in  calculations  of  this  kind. 
TOL.  vn^ino.  N 
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SIMPLIFIED    FORMULA 

In  maaj  instances  the  centre  of  gnintjof  the  IomI  water-line  is  prac- 
dallTaKtiiemiddkof  thelengtlioftheship.     Then  c  may  be  pat  ^  ^,  and 

the  additional  diansht  fonraid  =  ^  ^-    ^  I  ■  "^  ^  7   I    •  (J-)  ^^ 

«  !•  ^  l-7i   L  J 

DoL  do.      alt         = ?4z-ir--<5  7l  .(nobis. 

Do.  do.      i-waj    = ^4^-1  X  «...    .      (HI.)  bis. 

DoL        atC.6.<rfWJ:*.=  — (iy.)W«- 

II 

wfacB  i  =  ~  =z  water-hne  eodBdent  of  fin«ieHB  of  the  compartment ; 
A^la       A 

m  = = 1  ; 

la  la 

T  <=  -^  =  latio  c^the  C.6.  of  ihe  wate  admitted  torn  the  CJS.  of  the 


^p  to  the  total  length  of  the  ship  ; 
^  =  ---  =  ratio  of  the  C.6.  of  the  water  sorface  in  the  oooqiaitmait 

Am' 

from  die  G.6.  of  the  water-line  to  the  total  logth  of  die 

ship; 

12  L 
•  =  -TTT  ^  Ooeffident  of  moment  of  inertia  of  the  WJL 

NoTL — ^The  TahKs  of  7  and  71  >re  negative  when  the  after  compart- 
moiss  are  daoaged. 

Is  mar,  perhapsy  be  in^aresting  to  show  wbat  form  th^e  expressions 
sake  in  the  smple  cage  of  a  rectangular  box. 

It  £  evid^it  that  here 

#=  l;«=l;7  =  7i;and 

AddithHial  drmnsdit  forward  = i-r— r  I  1  +  <5  -»  I  ; 

^  —  12  1*    \  / 


Do.         do.     ^v^j      = 


«  -  12  7»  ' 
Do.         do-C.Gu>fWX.=         A  ; 

▼tiare  ^  =  racit>  of  ti»  oaitie  of  the  eompartnient  fnixn  the  centre  of 

the  box  GQ  the  tocal  kngtlu 

=    --  —  lif^  =  pefce&ta£:e  of  water  admitted. 
i  ^ 

and  ^  L  =  length  of  the  comparunent. 


%  = 
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APPENDIX  B. 

It  is  easy  to  prove  that  sailing  vessels,  laden  with  coal,  or  cargoes 
admitting  40  per  cent,  of  water,  are  not  unsinkable. 
Say  coeflBcient  of  fineness  '700 ; 
CoeflBcient  of  fineness  of  the  load  water-line  -848  ; 

Additional  draught  at  the  C.G.  of  the  water-line  is  =  -   x  ^ 

n 

and  draught  =  d  (  I   -^  ~  \ 
V         W  Block  coeff.  -700 


ad        Ad  Water-line  coeff.  -848 

A  1 

n  =  ---  —  1  =  -—  lasA  =  « 
^a  B 


=  -826 


a  =  -4  ;  n  =  1-5,  and  draught  =  t?  (  1  +  '^r-)  =  ^'^^^  ^  ^• 

This  draught,  in  the  damaged  condition,  must  not  be  greater  than  '98 
depth,  m  order  to  comply  with  the  conditions  for  unsinkability,  and 

.QQ 

therefore  the  load  draught  must  not  exceed  depth  =  -632  depth  ; 

1*551 

but  as  the  load  draught  of  all  sailing  vessels  exceeds  that  draught,  it 

follows  that  they  are  all  sinkable. 


DISCUSSION. 

The  Past- President  said  they  had  a  very  important  paper  before 
them,  and  the  question  in  his  mind  at  that  time  was  whether  they  should 
commence  the  discussion  that  night  or  defer  it  until  the  Hartlepool 
meeting  ?  Mr.  Sandison's  paper  had  to  be  read  that  night,  as  there  were 
models  that  could  not  very  well  be  carried  about.  They  might  perhaps 
just  open  the  discussion  and  adjourn  it  to  the  next  meeting. 

Mr.  H.  Macoll  thought  the  discussion  should  be  opened  that  night 
so  far  as  practicable,  and  as  their  next  meeting  would  be  at  Hartlepool, 
which  was  a  district  embracing  a  very  large  amount  of  shipbuilding,  it 
would  be  well  to  devote  a  definite  time,  however  limited,  to  the  dis- 
cussion of  Mr.  Hok's  paper  by  the  local  members.  This  paper,  it 
might  be  said,  was  the  first  of  two  papers,  and  the  writer  was 
very  desirous  of  obtaining  the  views  of  the  members  on  the  points 
raised,  and  the  answers  which  might  be  given  to  the  questions  put 
would  materially  influence  the  treatment  of  the  subject  of  bulkheads  in 
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the  second  paper.  And,  of  conrse,  the  sooner  these  replies  were  given 
the  sooner  Mr.  Duckitfc  would  receive  the  paper  for  the  consideration  of 
the  Reading  Committee  and  circulation  amongst  the  members.  Therefore, 
he  would  suggest  a  limited  portion  of  the  time  at  the  Hartlepool  meeting 
should  be  given  to  the  discussion  of  Mr.  Hok's  paper,  and  the  discussion 
could  be  then  adjourned,  and  concluded  at  the  next  meeting  in 
Newcastle. 

This  proposal  was  accepted. 

Mr.  J.  Johnson  thought  they  were  greatly  indebted  to  Mr.  Hok  for 
bringing  an  old  subject — the  subdivision  of  ships  into  water-tight  com- 
partments—before the  Institution  in  a  new  and  rather  novel  form.     Of 
course  it  was  well-known,  without  such  elaborate  calculations  as  these^ 
that  ordinary  cargo-carrying  vessels,  provided  with  the  usual  number  of 
water-tight  bulkheads  as  demanded  by  Lloyd's  rules,  stood  a  very  poor 
chance  of  preserving  suffident  reserve  buoyancy  in  case  of  one  of  the 
largest  compartments  being  in  free  communication  with  the  sea,  and,  no 
doubt,  the  authorities  at  Lloyd's  were  as  well  aware  of  the  fact  as  anybody 
else.    The  writer  of  the  paper  had  only  allowed  for  one  compartment 
being  filled  with  water  at  the  time^  and  he  was  sure  this  was  not  enough. 
In  order  to  make  ships  as  nearly  "  unsinkable  " — as  the  writer  termed  it — 
as  possible,  they  must  divide  them  somewhat  after  the  style  of  the  most 
modem  Atlantic  liners,  and  thus  enable  them  to  float  with  two  or  even 
three  compartments  in  communication  with  the  sea.     However,  from  a 
commercial  point  of  view,  he  thought  it  would  hardly  be  fair  to  make 
the  subdivision  of  ships  subject  to  further  legislation   than  what  was 
embodied  in  Lloyd's  rules?   but  it  would,  no  doubt,  be  reasonable  to 
expect  that  some  consideration  was  taken  on  this  point  when  assigning 
freeboards.     At  the  first  perusal  of  the  paper  fault  might  be  found  with 
the  amount  of  assumptions  which  formed,  as  it  were,  the   basis  upon 
which  the  results  were  obtained,  and  also  that  the  ships  had  not  been 
taken  at  their  exact  freeboards ;  but  as  steamers  were  constantly  changing 
draught  and  trim  when  at  sea,  an  approximate  load  line  was  quite  near 
enough  for  practical  purposes.     He  would  suggest  to  their  studious  young 
members  and  Graduates  to  make  themselves  well  conversant  with  the 
Appendix,  as  he  considered  it  a  very  good  example  of  what  could  be  done 
by  way  of  mathematical  reasoning  when  approximate  formulaB  were  con- 
sidered sufficient  for  some  particular  purpose.    Very  few  text  books  in 
naval  architecture  gave  such  approximate  formulae  as  could  be  of  eveiy- 
day  use  in  the  drawing  office.     As  a  rule  each  designer  had  to  find  his 
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own  short  cuts  by  experience.  He  would  like  to  ask  Mr.  Hok  a  question 
r^arding  some  points  in  the  Appendix.  In  obtaining  formula  (10)  the 
moment  of  inertia  of  the  lost  portion  of  the  water-line  was  put  =  0. 
Especially  in  smaller  ships  where  there  were  only  two  holds,  the  water- 
line  surface  of  these  holds  formed  a  very  large  portion  of  the  total  water- 
line  sor&ce,  and  therefore  he  should  like  to  know  how  much  error  was 
involved  in  assuming  »'  =  0  ? 

Mr.  Db  Ritsbtt  said  he  had  only  just  seen  the  paper,  and  really  had 
not  had  time  to  study  it  for  remarks ;  but  from  experience  in  this  kind  of 
calculation,  it  was  not  clear  to  him  that  the  author  was  correct  in  assum- 
ing that  the  class  of  vessels  under  consideration  could  be  filled  with  coal 
without  being  over  their  assigned  draught,  consequently  shutting  out 
water  which  would  otherwise  fill  empty  spaces,  and  hence  still  further 
endanger  the  safiety  of  the  vessel  by  reducing  the  very  small  margin  of 
freeboard  left  for  the  relatively  safe  vessels.  He  should  like  to  study  the 
valuable  paper  more  fully  before  making  any  further  remarks. 

Mr.  H.  Maooll  said  the  questions  raised  by  Mr.  Hok  were  very 
important.  The  first  consideration  in  a  sea-going  vessel  was  that  the 
sfaroctnre  should  float,  and  next,  the  power  of  keeping  afloat  should  be  as 
great  as  practicable.  Although  we  were  not  in  the  habit  of  considering 
aa  ordinary  cargo  vessel  as  a  Ufe-saving  appliance,  there  could  be  little 
doubt  if  institutions  such  as  our  own  went  in  solidly  for  safety,  especially 
in  the  way  of  increasing  the  number  of  water-tight  divisions  in  all 
vessels,  they  would  be  very  heartily  supponed  by  the  classifying  and 
underwriting  corporations.  Whether  the  shipowner,  who  had,  in  the 
first  instance,  to  pay  for  those  additions,  or  the  stevedore,  who  had  to  get 
the  vessel's  cargo  discharged  as  quickly  and  cheaply  as  possible,  would 
look  on  this  matter  with  the  same  feelings  was  very  problematical.  And 
it  would  require  very  great  caution  to  be  observed  in  this  matter.  He 
by  no  ineans  objected  to  making  ships  as  safe  as  practicable,  but  it  was 
quite  possible  to  so  subdivide  ordinary  mercantile  vessels,  keeping  only 
the  maximum  safety  point  in  view,  that  their  usefulness  would  be  very 
materially  interfered  with.  As  all  ships  were,  more  or  less,  of  a  com- 
promise, generally  more,  it  was  not  the  simplest  matter  possible  to  arrange 
for  the  greatest  practicable  subdivision,  and  also  retain  facilities  for 
working  the  vessels  and  their  cargoes  economically.  The  conditions  of, 
say  an  Atlantic  passenger  Uner  and  a  small  coasting  collier  of  1,500  tons 
dead- weight  and  110  nominal  horse-power,  were  essentially  different ;  the 
former  carried  a  large  number  of  people  at  all  times,  and  speed,  safety, 
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and  comfort,  not  to  say  luxuriance,  were  expected  and  looked  for,  and 
competing  lines  vied  with  each  other  in  supplying  these  requirements ; 
whilst  in  the  case  of  the  latter,  the  primary  consideration  in  the  cargo 
vessel  seemed  to  be  the  conveyance  of  the  greatest  possible  amount  of 
goods  at  the  lowest  possible  rate,  and  speed  was  by  no  means  a  primary 
consideration ;  and  bulkheads  in  those  steamers  were  looked  upon  by  the 
stevedores  as  more  of  a  hindrance  to  the  work  of  loading  and  discharging 
than  anything  else.  In  fact,  the  ideal  collier  for  a  stevedore  was  a  vessel 
with  as  much  of  the  deck  made  portable  in  the  shape  of  hatches  as  pos- 
sible, small  hatches  and  bulkheads  being  looked  upon  as  unmitigated 
nuisances.  So  much  for  the  general  question  of  bulkheads.  With  regard 
to  Mr.  Hok's  paper  it  contained  much  valuable  information,  and  the  pro- 
cess of  predicting  the  results  of  filling  the  various  compartments  was 
distinctly  a  great  step  in  advance  of  anything  he  had  seen  on  the  subject, 
and  he  regretted  being  called  on  to  speak  without  having  been  able  to 
give  the  paper  the  attention  and  study  it  so  well  deserved.  One  was 
rather  staggered  with  the  results  of  the  calculations  so  far  as  the  awning- 
deck  steamers  were  concerned,  and  looking  into  two  steamers  he  was 
surprised  to  find  the  assumptions  made  in  Mr.  Hok's  paper  were  fully 
borne  out ;  and  he  did  not  see  any  reason  to  doubt  that  the  assumptions 
made  in  the  paper  were  in  any  appreciable  manner  at  variance  with  the 
facts,  taking  vessels  of  ordinary  types  into  consideration.  One  thing, 
by  the  way,  occurred  to  him  in  reference  to  the  freeboard  tables.  It  was 
rather  curious  to  note  that  4  feet  seemed  to  be  the  ne  plus  ultra  of  height 
for  a  break  or  raised  quarter-deck.  If  your  vessel  was  8  feet  hold,  and 
did  not  possess  a  quarter-deck  4  feet  high,  a  penalty  in  the  shape  of 
increased  freeboard  was  made,  and  if  the  vessel  was  32  feet  hold,  the 
same  magic  of  4  feet  in  height  was  all  that  was  asked  for.  No  doubt, 
erections  or  superstructures  were,  when  properly  proportioned  and  con- 
structed, of  great  service ;  but  taking  the  case  of  a  small  vessel,  with  a 
long  raised  break  extending  over  the  machinery  placed  amidships,  in  the 
case  of  injury  to  the  engine  rooms,  these  would  be  little  benefit  to  the 
ship  either  in  buoyancy  or  stability  ;  and  a  lower  break,  with  greater  free- 
board, would  make  a  safer  vessel.  Again,  in  the  case  of  a  large  vessel 
with  a  longitudinal  bulkhead,  it  would  be  easy  to  show  how  in  a  cargo 
vessel,  when  fully  laden,  and  receiving  injury  on  one  side,  admitting 
water,  the  effect  would  be  to  give  the  vessel  such  a  heavy  list  as  to  be 
unmanageable.  The  large  passenger  steamer,  in  virtue  of  greater  free- 
board and  greater  reserve  buoyancy,  under  the  same  circumstances, 
might  be  brought  through,  after  sustaining  a  serious  injury,  without 
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mnch  difficulty.  He  wished  to  record  his  appreciation  of  Mr.  Hok's 
labours  as  given  in  his  paper,  which  was  a  formidable  task  to  fhlfil  single- 
handed,  and  although  the  exigencies  of  attending  to  load-lines,  life-saving 
gear,  etc.,  had  prevented  the  speaker  from  giving  Mr.  Hok  the  answers 
to  his  questions  as  put  in  the  paper,  he  hoped  that  during  the  continued 
discussion  the  desired  expressions  of  opinion  would  be  forthcoming  from 
the  members  of  the  Institution. 

The  discussion  was  then  adjourned. 


MAIN  STEAM  PIPES.  118 


MAIN   STEAM   PIPES. 
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[Rbad  bbfobb  thb  Institution  in  NswoASTLB-ON-TrNB,  Dbobmbbb  15th,  1890.J 


Few  problems  connected  with  recent  practice  in  marine  engineering 
deserve  more  attention  at  present  than  that  of  main  steam  pipes. 

Increased  pressures  and  temperatures  having  necessitated,  both  as 
regards  construction  and  management,  a  revised  version  of  the  marine 
engine,  questions  such  as  the  following  forcibly  present  themselves  in  this 
connection : — 

Is  the  material  now  generally  employed  in  the  construction  of  main 
steam  pipes  all  that  can  be  desired  ? 

Are  the  principles  which  ought  to  regulate  the  connecting  up  of  a 
series  of  boilers  to  the  engines  on  board  ship  suflSciently  recognised  by 
standard  authorities  on  the  subject  ? 

Dealing  with  the  first  of  these  queries  the  writer  begs  to  submit  the 
following  contribution  to  the  Transactions  of  the  Institution,  in  the 
belief  that  many  members  may  be  interested  in  examining  the  steam  pipe 
which  has  been  sawn  up  and  is  now  laid  on  the  table  for  inspection. 

They  will  thus  have  an  opportunity,  which  he  believes  has  seldom 
been  afforded,  of  satisfying  themselves  as  to  the  nature  of  the  action 
which  may  be  expected  to  take  place  in  wrought  iron  main  steam  pipes 
under  the  conditions  ordinarily  prevailing  at  sea. 

Of  course,  wrought  iron  pipes,  and  cast  iron,  have  been  from  the 
infancy  of  mechanical  engineering  extensively  used  on  land  for  the  con- 
veyance of  steam,  and  while  the  mere  transference  from  a  stationary  to  a 
marine  engine  involves  no  radical  change  of  condition,  their  use  under 
these  circumstances  has  been  very  limited  and  information  as  to  their 
durability  or  suitability  non-existent,  or  at  the  best  extremely  scanty. 
Fears  have  been  expressed  by  some  that  rapid  corrosion  or  pitting  would 
take  place,  and  that  flakes  of  oxidised  material  would  be  carried  over  into 
the  cylinders  to  the  detriment  of  the  internal  working  parts.  These 
fears  would  appear  to  be  groundless. 

Recent  experience  having  demonstrated  the  uncertainty  attending  the 
use  of  solid  drawn  copper  as  a  material  for  steam  pipes,  it  occurred  to  the 
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writer,  while  diBcussing  the  substitution  of  steel  for  solid  drawn  copper, 
that  Mr.  Alexander  Taylor,  in  the  early  days  of  triple  engines  and  high 
pressures,  had  adopted  wrought  iron  in  some  cases  for  steam  pipes.  An 
interview  with  that  gentleman  resulted  in  an  agreement  to  the  effect  that 
were  a  new  pipe  fitted  in  one  of  these  vessels  the  old  one  could  be  removed 
for  experimental  purposes. 

This  pipe  the  writer  has  the  honour,  with  the  permission  of  his  firm, 
to  lay  before  the  Institution. 

It  was  fitted  by  Messrs.  Douglas  &  Grant,  Dunnikier  Foundry, 
Kkkcaldy,  in  February,  1882,  on  board  the  S.S.  "  Claremont,"  owned  by 
Messrs.  Fisher,  Renwick,  &  Co.,  of  Newcastle,  and  has  therefore  been 
running  under  the  conditions  ordinarily  prevailing  in  the  mercantile 
marine  for  the  past  eight  and  a  half  years. 

The  tube  itself  is  lap-welded  and  made  by  Messrs.  A.  &  J.  Stewart,  of 
Glasgow.    The  flanges  are  screwed  on  and  brazed. 

The  pipe  is  5  inches  external  diameter  and  the  estimated  speed  of 
steam  through  it  is  3,520  feet  per  minute.  This  is  low,  the  pipe  being 
large  as  compared  with  ordinary  practice. 

The  invoiced  thickness  of  the  pipe  was  *375  of  an  inch.  It  is  now, 
after  eight  and  a  half  years'  continuous  service,  '32  to  '375  of  an  inch 
thick,  being  practically  the  same  as  when  new. 

The  interior  surface  of  the  tube  exhibits  no  signs  of  pitting  or  corro- 
sion. It  is  covered  by  a  thin  crust  of  black  oxide,  the  maximum  thickness 
of  which  does  not  exceed  ^nd  of  an  inch.  Where  the  deposit  is  tliickest 
it  is  curiously  striated  by  the  action  of  the  steam.  This  effect  is  very 
well  shown  by  Plate  XIII.,  which  is  reproduced  from  a  photograph  of 
the  actual  pipe.  On  the  scale  being  removed  the  original  "  bloom "  on 
the  surface  of  the  metal  is  exposed. 

Externally,  the  pipe,  which  was  not  lagged  or  protected  in  any  manner, 
has  suffered  shghtly  from  corrosion. 

It  is  interesting  to  note  that  the  scale  on  the  interior  surface  was 
strongly  magnetic.  This  was  seen  when  the  samples  were  ruptured  in 
the  testing  machine. 

Tensile  tests  of  the  material  give  the  following  results : — 


1 

Sample. 

Dimensions. 

Ultimate 

Stress 

in  Tons  per 

Square  Inch. 

Extension 

in 
4  Inches. 

Breadth. 

Thickness. 

Area. 

No.  I.     With  Grain    ... 
„    2. — Across     „ 

Inch. 
•93 

•736 

Inch. 
•375 

•82 

Sq.  Inch. 
318 

235 

19-5 
17-9 

Per  Cent. 
230 

50 
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Using  the  results  given  by  sample  No.  2,  the  pipe  is  still  enormously 

strong,  having  a  factor  of  safety  of  no  less  than — 

17-9  X  2240  X  -64  _ 
150  X  4-25         "" 

Arguing  from  the  present  condition  of  the  "  Claremont's"  steam  pipe 
it  would  appear  that  wrought  iron  steam  pipes,  irrespective  of  diameter, 
are,  to  say  the  least  of  it,  as  durable  and  reliable  as  copper,  no  matter 
how  manuiactured,  and  the  writer  would  take  the  present  opportunity  of 
thanking  Messrs.  Fisher,  Renwick,  &  Co.  and  Mr.  Taylor  for  their 
courtesy  in  this  matter. 

The  foregoing  remarks  may,  per  se,  appear  of  insufficient  value  to 
merit  the  attention  of  members,  but  the  writer  would  point  out  that  this 
question  of  steam  pipes  has  not  yet  been  discussed  in  any  shape  or  form 
by  the  Institution.  That  steam  pipes,  from  one  cause  or  another,  do 
give  out,  though  happily  such  cases  are  comparatively  rare,  and  that  the 
consequences  are  generally  disastrous,  is  a  sufficient  warrant  for  a  discus- 
sion on  the  causes  of  and  the  means  for  preventing  or  minimising  these 
mishaps. 

Most  engineers  are  aware  that  for  the  last  three  or  four  years  there 
has  been  a  feeling  approaching  uneasiness,  if  not  of  actual  ^'  scare,*' 
throughout  the  engineering  profession  in  this  connection.  This  feeling 
has  been  induced,  not  without  reason,  by  a  series  of  accidents,  unfor- 
tunately attended  in  some  instances  by  serious  loss  of  life. 

The  following  list  briefly  recapitulates  the  cases  to  which  through  the 
daily  prints  most  public  attention  has  been  directed : — 


Sept.,   1887 

March,  1888 
July,  1889 
April,  1890 
Ang.,    1890 


» 


Royal  Mail  S.P.  Co.'s  S.S."  Elbe  " 
North  German  Lloyd  S.S.  "  Lahn 
London  Electric  Supply  Corporation,  Ld. 

French  Ironclad  "  Requin  "  

Russian      „        "Sinope"  


KiUed. 

InjorecL 

11 

•  •  • 

3 

•  •  • 

1 

10 

3 

•  •  • 

7 

11 

Many  of  you  will  doubtless  have  noticed  in  this  morning's  papers  (by 
way  of  coincidence)  that  another  very  serious  case  has  to  be  added  to  the 
preceding  list.  With  your  permission  I  shall  read  an  extract  from  the 
Telegraph  of  to-day's  date : — "  By  the  explosion  of  a  steam-pipe  on  board 
the  British  India  steamer  'Jumna,'  in  the  Albert  Docks,  on  Saturday, 
several  of  the  firemen  were  seriously  injured  and  had  to  be  taken  to  the 
Seamen's  Hospital.    Three  of  them  have  since  died,  and  two  others  are 
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in  a  dangerous  condition.'*  This  vessel  was  launched  on  the  Clyde  in 
1886,  and  was  fitted  with  quadruple  expansion  engines  to  work  at  160 
lbs.  pressure. 

As  bearing  further  upon  this  point,  the  writer  has  also  thought  it 
well  to  reproduce  in  extmso  a  circular  I'ecentlj  issued  by  Lloyd's  relating 
to  the  same  subject : — 

Circular  No,  737. 

LLOYD'S  REGISTER  OF  BRITISH  AND  FOREIGN  SHIPPING, 
2,  White  Lion  Coubt,  Cobnhill,  E.G., 

^Qth  December^  1889. 
COPPER  STEAM  PIPES. 

Gentlemen, — I  am  directed  by  the  Committee  of  this  Society  to  bring  under  your 
notice  the  particulars  of  the  bursting  of  a  copper  steam  pipe  which  have  recently 
been  reported  to  them  by  the  Society's  Chief  Engineer  Surveyor. 

The  pipe  in  question  formed  one  of  the  branch  bends  of  the  main  steam  pipes  of 
a  new  Atlantic  steamer ;  its  internal  diameter  was  8  inches,  its  thickness  *272  of  an 
inch,  or  No.  2  W.G.,  and  it  was  made  by  one  of  the  most  eminent  firms  of  ^  copper- 
smiths in  the  kingdom,  with  a  brazed  joint  in  the  usual  manner. 

Before  being  placed  in  the  ship  this  pipe  was  tested  by  hydraulic  pressure  to 
320  lbs.  per  square  inch,  or  twice  the  working  pressure,  on  three  different  occasions, 
with  satisfactory  results.  Nevertheless  when  bolted  in  its  place,  and  while  being 
subjected  to  a  hydraulic  test,  for  the  purpose  of  proving  that  all  the  joints  were 
tight,  it  gave  way  at  a  pressure  of  310  lbs.  per  square  inch,  and  tore  for  a  length  of 
20  inches,  near  to  the  brazing,  the  material  at  the  point  of  fracture  presenting  the 
appearance  of  having  been  partially  cracked  during  the  operation  of  brazing. 

From  tensile  tests  cut  from  the  pipe  in  the  vicinity  of  the  fracture,  and  also 
away  from  the  injured  part,  it  was  ascertained  that  the  material  had  a  tenacity  of 
33,000  lbs.,  showing  that  the  copper  was  of  good  quality,  and  taking  the  dimensions 
of  the  pipe  into  consideration  it  should  have  been  capable  of  resisting  a  pressure  of 
about  2,200  lbs.  per  square  inch  before  giving  way ;  the  fact  of  its  failing  at  a 
pressure  of  310  lbs.  per  square  inch  is  of  so  alarming  a  character  that  the  Committee 
think  it  right  to  suggest  that  it  is  deserving  of  your  serious  consideration. 

In  consequence  of  accidents  having  occurred  with  brazed  pipes,  some  Engineers 
have  adopted  solid  drawn  pipes,  others  have  hooped  them,  while  others  have  lapped 
them  with  wire,  but  these  are  quite  exceptional  cases,  and  the  Committee  do  not 
think  it  desirable  at  present  to  go  further  in  this  matter  than  to  place  the  facts 
that  have  come  under  their  notice  in  connection  with  such  cases  before  those  who 
are  interested  in  the  subject. 

You  will  remember  that  the  Committee  drew  your  attention  some  little  time 
since  to  the  circumstance  of  a  calamitous  accident  that  happened  on  the  S.S.  '*  Elbe." 
of  an  exactly  similar  nature  to  this  one. 

I  am,  Gentlemen, 

Your  obedient  Servant, 

B.  Waymouth, 

Secretary. 
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Taking  the  first  three  cases  in  the  preceding  list,  we  find  Mr.  Parker, 
in  his  paper  read  before  the  Institution  of  Naval  Architects  in  1888, 
considered  the  true  explanation  of  the  explosions  of  the  steam  pipes  both 
of  the  "  Elbe  "  and  "  Lahn  "  to  be  the  accidental  cracking  of  the  copper 
after  being  slightly  overheated  during  the  brazing  operation. 

Mr.  Traill,  of  the  Board  of  Trade,  states  in  his  report  that  the 
Deptford  explosion  was  caused  by  the  deficiency  of  strength  of  the  brazed 
copper  bend,  the  brazing  of  both  seams  and  flanges  being  defective. 

In  endeavouring  to  avoid  the  vicissitudes  of  brazing,  as  exemplified 
in  the  preceding  cases,  attention  has  been  turned  to  solid  drawn  pipes. 
It  would  seem,  however,  that  implicit  confidence  is  by  no  means  to  be 
placed  in  them.  As  in  steel  so  in  copper  ingots  a  small  blow-hole  or 
impurity  in  the  casting  will  develop  during  the  process  of  drawing  into  a 
serious  flaw.  Doubtless,  the  same  observation  applies  to  sheet  copper,  but 
in  solid  drawn  tubes,  where  there  is  less  working  up,  feults  are  more 
likely  to  be  concealed,  and  their  elimination,  i.e,,  the  production  of 
absolutely  pure  copper,  will  undoubtedly  constitute  a  problem  of  vital 
importance  to  the  manufacturer  in  the  future. 

It  may  be  remarked  at  this  stage  that  the  power  required  to  bend 
seamless  pipes  of  large  diameter  and  gauge  is  in  excess  of  the  capacity 
of  most  existing  coppersmiths'  presses,  and  calls  for  more  eflBcient  arrange- 
ments :  moreover,  where  bending  is  required  great  care  is  necessary,  as 
once  the  required  curve  is  exceeded  a  pipe  cannot  readily  be  bent  back 
again. 

Illustrating  still  further  the  uncertain  character  which  copper  piping, 
both  brazed  and  solid  drawn,  has  recently  acquired,  it  may  be  mentioned 
that  in  future  vessels  the  Admiralty  require  all  steam  pipes  above  8  inches 
in  diameter,  whether  brazed  or  solid  drawn,  to  be  wound  with  copper  wire, 
in  order  "  to  make  up  their  strength  which  would  be  impaired  by  the 
presence  of  obscure  weak  places,  and  generally  to  prevent  rupture  should 
the  pipe  itself  be  weak  at  any  point."  Further,  a  set  of  solid  drawn  copper 
tubes,  14^  inches  in  diameter,  which  recently  passed  through  the  writer's 
hands,  were  condemned  during  the  process  of  working  up  owing  to 
obscure  flaws  (such  that  no  factor  of  safety  was  competent  to  cover) 
manifesting  themselves  when  the  tubes  were  heated,  and  steel  steam  pipes 
were  substituted  for  them. 

The  quality  of  steel  which  is  now  obtainable  in  the  shape  of  welded 
tubes  may  be  gathered  to  some  extent  from  the  following  tests  cut  from  a 
tube  2J  inches  external  diameter  and  '135  inch  thick : — 
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No. 


1 
2 
8 

4 


Deeoription. 


Lengthwise,  Plain    .. 
Welded 
Crosswise      , 


DIXBMSIOKS. 

Ultimats 
Stress. 

Breadth. 

Thicknefls. 

Area. 

Total 

Sq.In. 

Inch. 

Inch. 

Ineh. 

Tons. 

Tons. 

•945 

•135 

•127 

329 

259 

1-0 

•155 

•155 

4-35 

28-0 

•98 

•135 

•132 

840 

257 

Ex.  in 

8IB8. 


^Oent 
200 

20^0 

19-0 


I^ece  of  tube,  2  in.  long,  flattened  under  steam  hammer  until  sides 
are  close  together.     No  sign  of  fracture. 

Piece  of  tube,  2  in.  long,  hammered  down  endwise  to  1*18  in.    No 
sign  of  fracture. 


The  writer  would  conclude  with  some  remarks  bearing  on  steam  pipe 
arrangements  aboard    ship.      Figs.   2  and  3,  show  two  methods   of 


Fio.  2. 


Fig.  3. 


providing  for  the  expansion  of  copper  steam  pipes  now  in  vogue,  both 
entailing  a  large  amount  of  objectionable  brazing.  These,  moreover,  as 
well  as  plain  expansion  bends,  inasmuch  as  they  provide  for  expansion  by 
stressing  the  material,  are  only  applicable  for  short  lengths  of  pipe.  For 
long  ranges  the  socket  joint  must  be  introduced. 

The  following  is  extracted  from  the  Board  of  Trade  instructions 
issued  in  1887  as  to  the  survey  of  the  hull  and  machinery  of  Steam- 
ships : — **  In  all  cases  in  which  a  socket  expansion  joint  is  fitted  to  a 
bent  steam  pipe,  the  surveyor  should  require  a  fixed  gland  and  bolts  to 
be  fitted,  in  order  to  prevent  the  end  of  the  pipe  being  forced  out  of  the 
socket.  This  regulation  should  be  complied  with  in  all  cases  of  bent 
steam  pipes  fitted  with  socket  expansion  joints.  It  is  also  desirable  that 
fixed  glands  and  bolts  should  be  fitted  to  the  expansion  joints  of  straight 
steam  pipes,  as  cases  have  occurred,  particularly  with  small  straight  pipes, 
in  which  the  ends  of  the  pipes  have  been  forced  out  of  the  sockets." 

Mr.  Seaton,  in  his  Manual  of  Marine  Eivjineerijig,  describes  the  fitting 
alluded  to  as  follows: — "It  has  sometimes  happened  that  pipes  have 
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blown  out  of  a  Fancit  joint  owing  to.  there  being  a  bend  near  it  on 
which  the  steam  pressure  acted ;  in  all  cases  of  this  kind  a  collar  should 
be  brazed  to  the  pipe,  some  12  or  18  inches  from  the  gland, 
through  which  bolts  pass,  connecting  it  to  the  flange  of  the  stuffing  box 
on  the  other  pipe  that  it  may  not  draw  out." 

Manifestly  in  the  cases  referred  to  by  the  Board  of  Trade  the  expan- 
sion joints  were  unnecessary,  and  it  is  now  becoming  recognised  that  the 
remedy  sanctioned  by  the  Board  for  preventing  the  recurrence  of  similar 
mishaps  does  not  meet  the  case  in  an  effectual  or  efficient  manner,  even 
assuming  the  stress  to  be  provided  for  takes  the  form  of  a  ^'  water 
hammer "  blow  at  the  bend.    Not  only  is  additional  brazing  involved 
(unless,  indeed,  this  is  avoided  by  forming  .the  check  flange  on  a  tail 
oasting  to  which  the  pipe  is  jointed  in  the  usual  manner)  but  the  function 
€>f  the  expansion  joint  is  nullified  hy  the  fixed  gland  should  the  arrange- 
ment of  the  pipes  be  such  as  to  allow  the  latter  to  become  operative,  i.e.^ 
should  the  bending  moment  due  to  the  action  of  the  steam  exceed  the 
moment  of  resistance  of  the  section. 

The  outward  pressure  on  the  bend  should  be  taken  xip  at  the  bend 
either  by  bridle  stays  or  by  a  suitable  abutment  similar  to  what  is  usually 
provided  in  the  case  of  water  mains,  leaving  the  straight  length  of  the 
pipe  free  to  expand  intcvthe  socket  joint. 

The  writer  thinks  that  in  many  cases  more  consideration  could  profit- 
ably be  bestowed  on  the  arrangement  of  the  main  leads  of  steam  pipes  in 
the  way  of  making  them  as  simple,  as  direct,  and  as  little  liable  to  unknown 
stresses  as  possible^  whether  these  stresses  be  due  to  steam  pressure, 
expansion,  the  presence  of  water,  or  any  combination  of  these. 

He  trusts  that  this  paper,  which  only  professes  to  open  up  the  subject, 
and  which  has  left  many  points  untouched,  may  be  the  prelude  to  an 
interesting  discussion. 


DISCUSSION. 

The  Past-Pbbbidbnt  directed  attention  to  the  pipes  on  the  table.  He 
said  they  were  extremely  interesting.  There  was  not  the  slightest  appear- 
ance of  scoring  or  deterioration,  and  he  thought  this  fact  was  confirmed 
by  a  letter  they  had  from  a  distinguished  engineer  which  Mr.  Duckltt 
would  read : — 
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Communication  from  Mr.  A.  E.  Sbaton. 

• 

Idth  December,  1890. 

Dear  Sir, — I  am  exceedingly  obliged  to  you  for  the  copy  of  Mr. 
Sandison's  paper  that  you  have  been  good  enough  to  send  me  for  perusal. 
I  have  not,  however,  had  time  to  read  it  through  very  carefully,  and  as  I 
have  to  be  in  London  on  the  15th  inst.,  it  will  be  impossible  for  me  to  be 
with  you  and  take  part  in  the  discussion,  as  I  should  very  much  like  to 
do,  interested  as  I  am  in  the  question  of  steam  pipes  for  machinery. 

It  may  be  of  interest  to  your  Institution  to  learn  that  in  1883  we 
fitted  two  steamers  for  the  Great  Eastern  Railway  Company  with  main 
steam  pipes  and  feed  pipes  of  cast  iron  (80  lbs.  pressure),  and  during  the 
past  year  both  those  ships  have  been  in  our  hands  for  examination,  and 
we  found  that  the  pipes  were  not  apparently  wasted  or  otherwise  injured, 
although  they  have  been  in  constant  use  for  seven  years.  We  have  fitted 
other  boats  for  the  same  company,  which  have  not  been  running  so  long, 
with  cast  iron  pipes  (90  lbs.  pressure),  and  when  examined  they  proved 
to  be  in  equally  good  condition. 

I  have  for  a  considerable  time  advocated  the  use  of  steel  and  iron  for 
feed  pipes  and  main  steam  pipes  in  lieu  of  copper,  and  I  believe  that  they 
may  be  adopted  with  great  success.  I  see  no  reason  why  there  should  be 
greater  waste  with  them  than  is  observable  in  thi  steam  spaces  of  marine 
boilers  or  in  the  other  parts  exposed  to  steam  only  when  made  of  either 
cast  iron,  wrought  iron,  or  steel. 

The  high  pressure  cylinders  of  the  boats  mentioned  above  as  fitted 
with  cast  iron  steam  pipes  have  been  seen  by  us  yearly,  and  there  is  no 
sign  whatever  that  they  have  been  affected  by  such  pipes,  or  that  scale 
from  the  pi|)e8  has  been  carried  to  them  and  injury  produced  by  scoring, 
etc.  Great  care  was  taken  by  us  to  provide  sufficient  and  efficient  expan- 
sion joints  to  admit  of  the  extension  of  the  pipes  and  free  movement  of 
them  from  other  causes,  so  that  they  should  not  be  strained  in  any  way 
beyond  that  due  to  internal  pressure. 

I  shall  be  very  pleased  to  receive  from  you  when  it  is  published  a  copy 
of  the  discussion  on  the  paper,  and  at  any  time  to  contribute  an  expres- 
sion of  my  views  on  any  points  on  which  your  Institution  may  desire  the 
same. 

I  should  also  like  to  become  a  member  if  your  rules  admit  of  it. 

I  am,  dear  Sir, 

Yours  faithfully, 

A.  E.  Seaton. 
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The  Past-Pbesibent  intimated  that  there  was  another  contribution 
to  this  paper  firom  the  Broughton  Copper  Company,  Limited.  He  did 
not  know  how  thiH  contribution  had  come ;  he  believed  it  was  at  the 
request  of  Mr.  Sandison. 

Mr.  Sandison — The  Secretary  sent  a  copy  of  the  paper. 

The  Past-President — As  these  gentlemen  were  not  members  of  their 
Institution,  it  might  be  looked  upon  rather  as  a  trade  advertisement ; 
but,  with  their  pleasure,  he  would  read  it,  as  it  seemed  to  be  a  question 
of  **  copper  versus  steel." 

Communication  from  The  Broughton  Copper  Co.,  Limited. 

Dear  Sir, — We  have  to  thank  you  for  a  proof  copy  of  the  above  paper, 
and  assuming  that  your  object  is  to  give  us  an  opportunity  of  stating  our 
views  on  the  subject  we  venture  to  make  the  following  remarks : — 

The  writer  of  the  paper  appears  to  recommend  welded  iron  or  steel 
tubes,  entertaining  the  opinion  that  seamless  tubes  are  liable  to  defects 
that  welded  tubes  are  not  liable  to.     In  this  opinion  we  cannot  agree. 

Tubes  with  the  joint  welded  are  subject,  first,  to  defects  in  the  flat 
metal,  and,  secondly,  to  defects  in  the  welding  process. 

Tubes  properly  made  without  a  longitudinal  joint  or  seam  are  free 
from  a  great  liability  to  defects  in  all  seamed  pipes,  and  it  is  well  known 
that  the  modern  process  used  in  England,  Germany,  and  France  by  such 
houses  as  Armstrong,  Whitworth,  Krupp,  and  others,  produces  tubes  from 
ingot  iron  or  steel  free  from  blow-holes  and  other  defects. 

The  whole  system  of  modern  artillery  is  based  on  the  production  of 
perfect  cylinders  and  tubes,  and  which,  owing  to  experience  and  suitable 
appliances,  is  now  reduced  to  a  simple  process.  Artillerists  dare  not 
entertain  a  suspicion  of  unsoundness,  and  all  welding  in  the  manufJEtcture 
of  cylinders  and  tubes  is  abandoned  in  consequence. 

As  to  copper  tubes,  we  believe  that  no  firm  is  able  to  manipulate  so  as 
to  ensure  absolute  soundness  the  large  masses  of  copper  requisite  to  pro- 
duce the  very  largest  tubes  ;  but  this  will  soon  be  overcome  ;  and  if  no 
house  has  hitherto  done  this,  it  is  entirely  owing  to  the  persistence  in 
using  large  brazed  copper  tubes  because  of  their  low  cost,  thus  giving  no 
encouragement  for  incurring  the  large  outlay  necessary  for  the  erection 
of  suitable  plant. 

Copper  in  its  treatment  for  the  production  of  very  large  tubes  which 
shall  be  perfectly  reliable  requires  a  process  very  analogous  to  that  used 
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for  ingot  iron  or  steel,  and  engineers  may  rely  that  very  soon  they  will 
be  able  to  obtain  such  large  copper  tubes  as  free  from  defects  as  the  best 
steel  tubes. 

As  to  copper  tubes  produced  by  electricity,  this  is  as  yet  uncertain ; 
they  cannot  so  far  be  produced  without  defects. 

We  send  you  a  piece  showing  a  fracture  of  such  a  tube,  which  shows 
great  laminations  and  irregularity  in  structure. 

If  you  can  favour  us  with  a  report  of  the  discussion  on  Mr.  Sandison's 
paper  we  shall  be  glad. 

Believe  us,  dear  Sir, 

Yours  obediently. 
The  Broughton  Copper  Co.,  Limited. 


The  Past-President  (referring  to  the  sample  sent  by  the  Broughton 
*  Copper  Co.)  said  this  piece  o^  copper  was,  he  presumed,  deposited  by  the 
Elmore  process,  and  consisted  simply  of  a  series  of  leaves  which  might  be 
very  easily  detached  the  one  from  the  other.  This  sheet  of  copper, 
about  a  quarter  of  an  inch  thick,  was  laminated  throughout.  In  regard 
to  Mr.  Seaton's  letter,  he  might  say  that  he  (the  Past-President),  thirty 
years  ago,  fitted  a  number  of  steamers  for  the  London  and  St.  Petersburg 
Company,  with  cast  iron  and  wrought  iron  steam  pipes  and  feed  pipes.  It 
was  just  at  the  time  of  the  introduction  of  surface  condensation,  when  it 
was  thought  necessary  to  avoid  everything  in  the  nature  of  copper,  in 
order  to  keep  away  the  evil  influence  of  pitting  in  the  boilers.  The  feed 
pipes  were  made  of  wrought  iron,  and  the  steam  pipes  of  cast  iron,  with 
some  parts  of  wrought  iron.  There  was  considerable  difficulty  with  some 
of  those  pipes.  There  was  oxidation,  exfoliation,  and  certainly  pitting 
in  a  good  many  of  the  pipes.  At  that  time  they  were  only  very  im- 
perfectly acquainted  with  the  principles  that  ought  to  guide  them  in  the 
use  of  surface  condensation.  The  working  pressure  at  that  time  was 
30  or  35  lbs. — 35  lbs.  being  about  the  most  they  were  using  at  that 
time  in  those  special  engines.  Nine  years  ago  they  fitted  machinery  to 
a  large  vessel  in  the  river  Tyne,  and  she  had  throughout  cast  iron  steam 
pipes  and,  he  believed,  was  running  to  this  day  with  those  pipes.  They 
were  for  the  same  company  to  which  Mr.  Seaton  had  alluded — the 
Great  Eastern  Company,  on  the  Harwich  route.  Personally,  he  saw 
no  objection  to  these  pipes.  If  they  would  allow  him,  he  would  just 
like  to  mention  another  point  in  connection  with  this  subject  of  iron 
•ubes.     Mr.  Sandison  had  pointed  out  iron  tubes  were  by  no  means 
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80  strong  crosswise  to  the  grain  as  longwise.  The  difference  is  1*6  tons. 
This,  to  a  large  extent,  is  got  rid  of  in  steel  tubes,  but  in  steel  tabes  they 
were  always  liable  to  the  impeifections  arising  from  welding.  An 
attempt  to  overcome  this  had  been  made,  which  was  now  being 
snccessfolly  worked  ;  and  he  wonld  give  them  an  outline  from  a  letter  he 
had  received  from  a  late  colleague,  Mr.  Milton,  now  of  Lloyd's,  w  ho 
had  been  good  enough  to  send  him  a  very  extended  account  of  the 
process  of  manufacture  he  witnessed  at  the  Landore  Steel  Company's 
Works.  The  object  of  this  process  was  to  produce  steel  tubes 
absolutely  weldless,  because  absolutely  sofid  to  begin  with.  The 
process  consisted  of  putting  the  solid  steel  bar,  heated  to  a  white 
heat,  of  the  diameter  they  wished  to  make  the  tubes,  between  two 
conoidal  rollers,  as  shown  in  Fig.  1,  Plate  XIV.  These  rollers  were 
about  18  inches  diameter,  and  ran  from  400  to  500  revolutions  per 
minute.  The  bar  was  put  in  through  a  tube  at  the  smaller  end  of  the 
rollers,  and  owing  to  the  position  in  which  these  were  placed,  their 
axes  being  slightly  inclined  or  angular  to  each  other,  the  effect  of 
drawing  this  bar  in  between  the  two  rollers  was  to  make  it  hollow, 
and  it  became  an  absolute  tube  by  the  time  it  had  got  through 
the  rollers  placed  as  shown.  A  plain  bar  became  a  tube  by  means 
of  the  excessive  strain  put  upon  the  external  parts  of  the  metal,  due 
to  the  increased  velocity  of  the  larger  part  of  the  conoidal  rollers,  causing 
them  to  twist  as  this  part  of  the  bar  came  through  the  rollers, 
revolving  at  a  greatly  increased  velocity.  A  bar  2  inches  in  diameter 
would  have  a  hole  in  it  of  about  three-quarters  of  an  inch,  a  bar  of  4 
inches  a  hole  of  about  1^  inches.  In  order  to  make  it  into  a  finished 
tube  for  the  market,  this  bar  was  put  in  between  two  similar  conoidal 
rollers,  and  a  mandril  the  exact  size  of  the  interior  of  the  tube,  placed 
as  shown  in  Fig.  2,  Plate  XIV.,  leaving  exactly  the  thickness  between 
the  two  surfaces  required.  The  result  was  the  tube  formed  in  these 
rollers  became  a  tube  of  the  size  required,  perfectly  weldless,  homo- 
geneous, and  a  finished  article.  It  was  a  very  ingenious  process  and, 
he  understood,  was  extremely  successful,  and  if  they  could  get  tubes  of 
that  character  of  steel  he  would  say  the  question  of  copper  steam  pipes 
was  solved.  The  fact  of  their  getting  a  perfectly  homogeneous  tube 
without  a  seam  was  really  all  they  wanted.  These  tubes  were  being 
made  now  from  4  inches  up  to  lOj  inches  in  diameter,  and  they 
quite  expected  to  make  tubes  for  furnaces  of  3  feet  to  4  feet  in 
diameter.  That  was  what  they  were  aiming  to  produce  out  of  a  solid 
bar  in  the  way  he  had  very  imperfectly  attempted  to  describe.    There 
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was  one  special  feature  about  these  tubes,  though  it  applied  to  any 
ordinary  solid   drawn  tube,  it  afforded  an  excellent  opportunity  for 
fitting  Pope's  joint ;  a  pipe  of  that  kind  could  be  easily  expanded  to 
form  the  flange  without  damage  or  risk  to  the  material  itself. 
The  discussion  was  adjourned. 
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NORTH-EAST  COAST   INSTITUTION   OF   ENGINEERS 

AND   SHIPBUILDERS. 


Seventh  Session,  •1890-91. 


PROCEEDINGS. 


FOURTH  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
ATHENiEUM,  CHURCH  STREET,  WEST  HARTLEPOOL.  ON  SATUR- 
DAY  EVENING,   JANUARY   10th,   1891. 


H.  MACOLL,  Esq.,  Vicb-Phbsident,  in  thb  Chaih. 


The  Secretary  read  the  minutes  of  the  preceding  (Jeneral  Meeting, 
held  in  Newcastle-on-Tyne  on  December  15th,  which  were  approved  by 
the  members  present  and  signed  by  the  Vice-President.  • 

The  ballot  for  new  members  having  been  taken,  the  Vice-President 
appointed  Messrs.  J.  R.  Fothergill  and  A.  Leckie  to  examine  the  voting 
papers,  and  the  following  gentlemen  were  declared  elected : — 

MEMBERS. 

Seaton,    Albert    Edward,    Civil    Engineer,    Messrs.    Earle's    Shipbuilding    Co., 

HaU. 
Wadagaki,  Yasuzo,  Engineer  Draughtsman,  Messrs.  R.  &  W.  Hawthorn,  Leslie,  & 

Co.,  St.  Peter*s-on-Tyne. 

ASSOCIATES. 

Allison,  J.  S.,  Shipowner,  West  Hartlepool. 

Conner,  L.  R..  Shipowner,  Exchange,  West  Hartlepool. 

Steel,  George,  Shipowner,  77,  Church  Street,  West  Hartlepool. 

GRADUATES. 

Beale,    Harry,    Apprentice    Draughtsman,    Messrs.    C.    S.     Swan    &    Hunter, 

Wallsend-on-Tyne  :  Otterburii  Villas,  Ncwcastle-on-Tyne. 
Davis,  Thos.  Wilfred,  Engineer  Draughtsman,  Messrs.  R.  &  W.  Hawthorn,  Leslie, 

&  Co.:   1,  Race  Street,  Newcastle-on-Tjne. 
Rowntree,  Stanley,  Apprentice  Ship  Draughtsman,  Messrs.  C.  S.  Swan  &  Hunter, 

Wallsend-on-Tyne  :  62,  Neptune  Road,  Wallsend-on-Tyne. 
Smithson,  Alfred  Edward,  Engineer  Apprentice,  Messrs.  R.  W.  Hawthorn,  Leslie, 

&  Co.,  St.  Peter's-on-Tyne  :  1,  Dawson  Square,  Tynemouth. 
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MR.  LECKIE'S  PAPER. 

The  Vice-President  expressed  his  regret  -that  they  had  to  forego 
having  Mr.  Leckie's  paper  before  them  that  night,  it  not  being  completed 
in  time,  and  as  it  would  be  a  very  valuable  and  important  contribution 
they  wished  to  have  it  in  as  good  shape  as  possible  before  submitting  it  to 
the  members.  Considering  the  counter  attractions  in  the  Hartlepool 
district  of  skating  and  political  meetings  it  was  a  pity  that  their  gathering 
had  not  been  postponed  for  a  week  or  two,  but  as  all  the  arrangements 
were  made  some  time  since  it  could  not  well  be  deferred.  He  hoped, 
however,  they  would  have  a  warm  and  animated  meeting. 


Mr.  J.  D.  Young  read  a  paper  on  "Mechanical  Aid  to  the  Investiga- 
tion of  Experimental  Curves." 

The  discussion  on  Mr.  W.  Hok*s  paper  on  "The  Unsinkability  of 
Cargo-Carrying  Vessels  "  was  resumed. 

Mr.  W.  R.  Cunmiins  not  being  in  attendance,  his  reply  to  the  dis- 
cussion on  his  paper  on  "Increased  Boiler  Pressure  and  Increased  Piston 
Speed  for  Marine  Engines"  was  taken  as  read. 
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MECHANICAL    AID    TO    THE    INVESTIGATION    OF 

EXPERIMENTAL    CURVES. 


By  J.  DENHOLM  YOUNG,  Wh.  Sc. 


[Read  befobe  the  Institution,  in  West  Habtlepool,  on  Januaby  10th,  1891.] 


The  acknowledged  value  of  known  graphic  and  mechanical  methods  of 
calculation  has  led  the  writer  to  bring  before  the  members  of  this 
Institution  a  mechanical  appliance  which  may  be  found  useful  as  a 
labour-saving  machine  in  engineering  and  other  calculations. 

The  use  of  curves  in  recording  the  results  of  experimental  data  has 
long  been  apparent  to  practical  men  ;  and  the  value  of  a  curve  as 
compared  with  an  algebraic  symbol,  or  a  table  of  numerical  quantities,  is 
instinctively  felt  by  every  investigator,  as  the  curve  shows  clearly  at  a 
glance  the  tendencies  of  the  forces  or  factors  involved,  whilst  mere 
tabular  numbers  do  not  in  general  convey  a  very  clear  impression  of  this 
kind  without  careful  study.  Even  such  a  simple  case  as  the  law  of 
gravitation,  S  =  ^  ^  T^  presents  itself  much  more  forcibly  to  the  mind 
when  represented  in  a  graphic  form. 

Such  curves  as — 

xy  =^'  =  C, 

or  xy  "^    •=  C, 

are  easily  produced  with  the  help  of  a  table  of  squares  and  cubes, 
and,  as  is  well-known,  instruments  have  been  devised  for  the  direct 
production  of  conies  and  some  other  curves.     But  the  delineation  of,  say 

Rankine's  adiabatic  curve,  PV  ^  =  C,  is  not  so  readily  performed, 
and  requires  the  use  of  logarithmic  tables  for  its  evaluation — a  work  of 
considerable  patience,  and,  to  many  persons,  of  considerable  mental  effort. 
It  is  with  a  view  to  expediting  such  processes  as  these  that  the  system 
presently  to  be  explained  may  be  applied. 

It  is  almost  unnecessary  to  state  at  this  point  that  examples  will  only 
be  brought  forward  as  illustrations  of  a  method  of  working,  and  not  with 
the  object  of  advancing  any  particular  theories,  the  object  of  the  writer 
being  to  show  how  each  investigator  may  proceed  in  his  own  line. 


128      MECHANICAL  AID  TO  INVESTIGATION  OF  EXPERIMENTAL  0UBVE8. 

By  the  means  about  to  he  described  we  may  discover  at  sight,  within 
the  limits  of  the  instrument  employed — 

1. — Any  whole  or  fractional  power  of  a  number. 

2. — Any  whole  or  fractional  root  of  a  number. 

3. — What  root  or  power  any  one  given  number  is  of  another. 

To  understand  clearly  the  methods  of  procedure,  it  will  be  necessary 
to  refer  to  the  construction  of  the  common  slide  rule,  upon  which  this 
apparatus  is  based. 

With  the  ordinary  rule  the  arithmetical  operations  of  multiplication 
and  division  are  performed  by  the  addition  and  subtraction  of  the 
logarithms  of  the  numbers  operated  upon.  As  for  instance,  in  multiplying 
A  by  B,  the  logarithm  of  B  on  the  sliding  part  is  mechanically  added  to 
the  logarithm  of  A  on  the  other  scale,  and  the  length,  as  it  were,  of  these 
two  logarithms  together  is  equal  to  the  length  of  the  logarithm  of  their 
product.  Thus  log.  A  +  log.  B  =  log.  (A  x  B),  and  so  with  division,  the 
diflPerence  between  the  logarithms  of  the  numbers  being  equal  to  the  log- 
arithm of  the  quotient,  thus  log.  A  —  log.  B  =  log.  (A  -f-  B).  When 
it  is  required  to  raise  a  number  to  a  different  power,  scales  of  different 
lengths  are  employed,  the  lengths  of  the  respective  scales  being  in  the 
ratio  of  the  power  required  to  unity.  This  condition  arises  from  the  fact 
that  the  logarithm  of  the  nth  power  of  a  number  is  n  times  the  logarithm 
of  the  number  itself.     Thus  we  might  read  off  the  values  of  x^  on  a  scale 

\  the  length  of  the  scale  of  log.  x,  or  the  values  of  D^  on  a  scale  1^  times 

10 

the  length  of  the  scale  of  log.  D  ;  or  we  might  read  the  values  of  V  ^ 
upon  a  scale  ^  the  length  of  the  scale  of  log.  V. 

It  will  thus  be  evident  that  the  use  of  mechanical  logarithmic  calcula- 
tions could  be  much  extended  by  the  adoption  of  a  combination  of  scales 
which  might  be  altered  to  any  mutual  ratio  at  will. 
This  end  may  be  reached  in  at  least  two  ways : — 
1. — By  drawing  lines  radiating  from  a  centre  to  each  division  on  one 
scale,  and  causing  the  second  to  slide  across  parallel  to  the 
first  scale,  so  as  to  interseci  the  radiating  lines  at  any  required 
length.     (See  Plate  XV.)     This  method  is  open  to  the  objec- 
tions that  there  is  a  difficulty  in  ruling  the  lines  correctly, 
and  that  towards  the  centre  they  become  too  close  together. 
2. — By  ruling  a  series  of  parallel  lines  at  distances  equal  to  the  spaces 
on  the  1st  scale,  and  allowing  the  other  to  slide  radially  over 
these  lines,  so  that  the  vertical  height  of  the  one  may  bear  any 
desired  ratio  to  the  vertical  height  of  the  other.  (See  Plate  XVI.) 
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The  apparatus  used  by  the  writer  consists  essentially  of  such  a 
logarithmic  scale  extended  up  to  four  divisions,  or  10^,  carefully  ruled  by 
hand  upon  paper  glued  to  a  board.  At  one  end  of  the  board  are  marked 
the  corresponding  real  numEers,  and  at  the  other  are  scales  of  equal  parts, 
for  reading  off  the  different  powers  or  roots.  This  scale  may  be  easily 
made  by  pricking  off  the  divisions  from  an  ordinary  slide  rule.  The 
movable  part  is  a  plain  logarithmic  scale  of  such  length  as  will  embrace 
the  whole  scope  of  the  instrument.  For  certain  purposes  a  plain  slip  of 
paper  will  serve  instead.  For  large  powers  of  numbers,  under  30  or 
thereabouts,  a  movable  scale  is  used,  in  which  each  division  is  four  times 
the  length  of  the  divisions  upon  the  ruled  board.  This  proportion  is 
also  convenient  for  fractional  indices  between  ^  and  J,  when  no  multipli- 
cation or  division  of  numbers  is  to  be  effected  at  the  same  time.  For 
combined  operations  of  multiplication  and  evolution,  it  is  most  convenient 
to  use  a  movable  scale  in  which  the  divisions  correspond  with  those  on 
the  board.  This  proportion  is  also  most  convenient  for  powers  between 
^  and  2. 

The  uses  of  the  apparatus  above  described  will  be  best  understood 
by  a  few  examples  of  problems  which  might  occur  in  everyday  practice. 

1  0 

The  construction  of  Rankine's  adiabatic  curve,  PV  ^  =  C,  for 
which  the  apparatus  was  originally  designed  by  the  writer,  will  serve  as 
one  type. 

The  ordinary  method  of  procedure  is,  of  course,  to  obtain  the  Vths 
power  of  each  different  volume  by  means  of  a  table  of  logarithms.  The 
calculation  is  one  which  involves  a  good  many  figures  and  a  good  deal  of 
mental  labour.    For  purposes  of  comparison  the  calculation  is  given  below. 

Let  P  =  160,  Vi  =  1,  then  C  =  160,  and  for  any  ordinate, 

log.  P  =  log.  160  —V  log.  V. 


Log.  Pi  =  2-2041200 

log.  1-5  V      =-1760913     ... 

...  2-2041200 
•195657 

2008463 

=  log.  102. 

Log.  2  V      =  -3010300          

„x  V  =  -334477            

2-2041200 
•334477 

1-869643 

=  log.  7407. 
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Log.  2-5  V      =  -3979400 
„    X  V  =  -442155 


=  log.  57-8 


Log.  3  V 

V  10 


•4771213 
•530134 


=  log.  47-2. 


Log.  3-5  V      =  -5440680 


V  10 


=  -604520 


=  log.  89-78. 


Log.  4  V      = 

y   10    


•6020600 
-668955 


=  log.  34-29. 


Log.  4-5  V      = 


V  1  0 


•6532125 
•725791 


=  log.  30-08. 


Log.  5  V      =  -6989700 
„  X  V  =  -776633 


=  log.  26-76. 


Log.  5-5  V 


»? 


V   1  0 

X    9 


•740.%27 
•822625 


=  log.  24-07. 


Log.  6  V 


V  1  o 


•7781513 
•864612 


=  log.  21-85. 


2-2041200 
-4421555 

1-7619645 


2-2041200 
-530134 

1-673986 


2-2041200 
-604520 

1-5996000 


2-2041200 
-668955 


1-5851650 


2-2041200 
•725791 

1^4783290 


2-2041200 
•776633 


1-4274870 

2-2041200 
•822625 

1-381495 

2-2041200 
-864612 

1-3395080 
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Log.  6-5  V      =-8129134       

... 

2-2041200 

„    X  V  =  -903237         

.  • . 

•903237 
1-300883 

=  log.  19-99. 

Log.  7  V      =  -8450980          

. .  • 

2-2041200 

J)  X  ^  ^^  -yoot/i/f           ...        ... 

•  •• 

•938997 

=  log.  18-41. 

1-2651230 

Log.  7-5  V      =-8750613        

... 

2-2041200  ' 

yy          X       -0'        ^^^      *«^VZ^«/l/                             ...                            ... 

... 

-972290 

1-2318300 

=  log.  17-05. 

Log.  8  V      =    -9030900        

... 

2-2041200 

„  X  V  =  1-003433          

... 

1  003433 

- 

■ 

1-200687 

=  log.  15-87. 

Log.  9  V      =    -9542425        

... 

2-2041200 

„  X  V  =  1-060269          

• .  < 

1-060269 

1-143851 

=  log.  13-92. 

Log.  10  V      =1          

... 

2-2041200 

„  X  V  =  1*1111            

... 

11111111 

1-0930089 

=  log.  12*39. 

The  last  two  half- volumes  have  been  omitted,  as  the  diflPerence  between 
the  calculated  pressures  becomes  small. 

The  mechanical  method  used  by  the  writer  may  be  described  as 
follows : — A  strip  of  paper  is  cut  with  a  straight  edge,  long  enough  to 
cover  the  top  and  bottom  lines  of  the  board.  The  vertical  distance 
between  these  lines  is  then  marked  on  the  strip.  The  bottom  mark  is 
placed  on  the  bottom  line,  and  the  strip  is  inclined  towards  the  base  until 
the  distance  of  the  top  mark  from  the  bottom  line  is  i^hs  of  the  whole 
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height,  judged  by  the  scale  of  equal  parts  drawn  on  one  side  of  the  board. 
Then  accurate  marks  are  made  where  the  logarithmic  lines  1,  1*5, 
2,  2*5,  3,  3*5,  4,  4*5,  etc.,  corresponding  to  the  values  of  Vj,  Vig, 
Va,  etc.,  cross  the  movable  strip  in  its  inclined  position.  These  new 
spaces  will  represent  to  scale  V  log.  Vi,  V*  ^^E-  Vis,  etc.  All  that 
remains  to  be  done,  therefore,  is  to  return  the  strip  to  a  vertical  position, 
place  each  mark  in  turn  upon  the  line  of  1 60,  and  read  oflp  at  the  bottom 
mark  the  pressures  derived  from  subtracting  V"  log.  V  from  log.  160. 
The  operation  will  thus  be  seen  to  be  excessively  simple,  only  occupying 
a  few  minutes'  time,  and  possessing  as  much  accuracy  as  is  usually 
required  in  calculations  of  this  kind. 

The  converse  operation  of  analysing  a  given  expansion  curve  of  this 
class  would  be  as  simple.  Starting  with  the  necessary  data  of  Pi  and  Vi 
we  obtain  0,  thus — 

Fi  «       p 

V  -  =  C'   ''     v>  =  p- 

The  strip  of  paper  is  taken  as  before  and  marked  at  the  extremities. 
The  bottom  mark  is  placed  on  the  observed  value  of  P9  or  P„,  and  the 
distances  of  that  series  of  lines  from  C  are  marked  on  the  strip.  The 
bottom  mark  of  the  strip  is  then  placed  upon  the  bottom  line  of  the 
board,  and  the  strip  inclined  oflP  the  perpendicular  until  the  mark  in 
question  comes  to  the  line  of  1*6,  2,  2-5,  etc.  Then  the  cosecant  of  the 
angle  of  inclination,  or  the  ratio  of  extreme  length  to  projected  length 
upon  the  scale  of  ec|ual  parts,  is  the  value  of  the  index  of  V.  Thus,  if 
the  strip  had  to  be  inclined  to  {^  of  its  original  height,  before  the  mark 
corresponding  to  Vg*  coincided  with  the  line  of  Va,  then  it  is  shown  that 
at  this  part  of  the  curve — 

1 


p  oc 


Vt¥ 


Another  simple  case  of  avoiding  the  use  of  logarithmic  tables  might  be 
shown  with  the  formula  given  by  Mr.  R.  L.  Weighton,  in  the  Transactions 
of  this  Institution,  connecting  the  weight  of  a  boiler  with  its  pressure  and 
heating  surface.  Here  it  is  only  necessary  to  obtain  a  constant  from 
actual  practice,  then  incline  a  scale  until  its  projected  height  is  equal 

to  yV  0^  ^^^  whole  length,  and  note  the  value  of  P^  '^.  The  solution  of 
formulae  like  that  of  Unwin's,  for  the  collapse  of  boiler  flues, 

P  =  9,614,000   ^S'L... 

may  be  aided  in  the  same  way  by  this  apparatus. 
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A  more  interesting  case  may  be  found  when  the  index  of  one  fector  is 
variable.  Suppose,  for  instance,  that  owing  to  some  cause  we  had  a  right 
to  expect,  in  a  particular  engine,  that  the  normal  pressure  would  rise 
gradually  towards   the  end  of  the  expansion,  say  from   the  constant 

7  17 

PV^  to  PV^,  the  index  gradually  changing  as  the  expansion  progressed. 
To  find  this  curve  by  calculation  is  a  somewhat  more  involved  pro- 
cess than  the  previous  one.  Taking  a  proportional  part,  say  ^  of  the 
difference  between  these  indices,  and  substract  this  successively  for  each 
ordinate : — Thus — 

PV^  to  PV^^  =  C. 
d=  -1041;  ^  =  -0104. 

1st  ordinate  C  =  PVi-i«««  =  PV^. 


2nd  „  C  =  PVi-"«i. 

3rd  „  C  =  pyii^^ 

4th  „  C  =  PVi-1353. 

5th  „  C  =  PVi-"*». 

6th  .,  C  =  PVi-"«. 


7th    „     c  =  pyi 


1041 


8th       „        0  =  PVi-^37^ 
9th       „        C  =  PVi-0833. 

10th         „  0  =  PV^0729. 

nth       „       C  =  PVio««.  =  PV^. 

Having  obtained  these  indices  we  proceed  as  before  to  multiply  the 
logarithm  of  each  successive  volume  by  its  own  index,  and  to  find  the 
logarithm  of  the  pressure  by  subtracting  this  quantity  from  the  logarithm 
of  the  initial  constant.  By  the  mechanical  method,  however,  the  amount 
of  calculation  is  reduced  to  zero. 

On  the  face  of  the  board  we  draw  a  straight  line  from  the  value  of 
i  to  that  of  {iy  as  shown  by  the  scale  of  powers  at  the  side.  (On  Plate 
XVI.  the  line  is  drawn  from  ^  to  V*^.)  This  line  is  divided  and  marked 
into  10  equal  parts.  Then,  instead  of  the  movable  strip  of  paper  being 
kept  in  one  position  while  the  logarithms  of  the  volumes  are  marked,  the 
upper  end  of  it  is  shifted  from  spot  to  spot  for  each  volume,  along  the 
divided  index  line.  When  these  are  marked,  the  pressures  are  read  off  as 
before  by  using  the  marked  strip  upon  the  board  as  if  it  were  the  slide  of 
an  ordinary  slide  rule ;  or,  in  other  words,  by  placing  each  mark  in  turn 
upon  the  line  of  the  initial  constant,  and  reading  off  the  pressures  at  the 
bottom  mark,  the  strip  being  now  not  in  an  inclined  but  a  vertical  position. 

VOL.  VII.- IWl.  ^ 
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The  converse  process  of  laying  down  a  graphic  index  from  an  existing 
curve  will  easily  present  itself  to  the  minds  of  those  who  have  graq)ed 
the  principles  of  the  methods  described  in  the  foregoing  paragraphs. 

While  the  occurrence  of  variable  indices  is  before  us  it  may  be  as  well 
to  notice  that  the  question  of  steamship  propulsion  offers  a  practically 
inexhaustible  field  for  investigation  in  this  direction,  and  the  writer 
ventures  to  express  the  hope  that  a  future  generation  of  naval  architects 
may  find  it  in  their  power  to  use  variable  indices,  influenced  by  known 
laws,  instead  of  the  anomaly  of  a  "variable  constant"  for  one  ship,  at 
present  in  use. 

As  an  example  of  this  nature,  the  supporters  of  Mr.  Mansel's  theory 
of  propulsion  will  be  interested  in  the  employment  of  graphic  aid  in  their 
calculations.      Taking  Mr.  Hansel's  fundamental  formula  in  its  most 

3 

recent  form,  E  =  D '^  V  10  ^^~  ^^ "  in  which  X  is  a  certain  fixed  speed  for 
each  vessel,  we  observe  that  the  index  of  10  is  of  the  form  y  =  m  V  +  C, 
which  is  the  equation  to  a  straight  line.  If,  therefore,  two  extreme 
values  of  this  index  be  taken  and  noted  upon  the  ruled  board,  interme- 
diate values  may  be  found  without  calculation  by  dividing  the  line 
joining  these  spots  into  the  required  number  of  equal  parts,  when  each 
division  will  represent  an  index.  Or  the  line  may  be  produced  both  ways, 
and  the  powers  for  untried  speeds  determined,  so  long  as  we  can  rely  on 
the  index  remaining  a  straight  line.  But,  as  Mr.  Mansel  has  pointed  out, 
it  may  be  crooked.  Should  the  true  speed  curve  of  a  vessel  be  found  to 
contain  an  undulating  factor,  as  may  be  seen  in  the  speed  curve  of  the 
'*  Merkara's ''  model  (see  Transactions  of  the  Institute  of  Engineers  and  Ship- 
builders  in  Scotland,  Vol.  XXVIII.),  the  graphic  index  of  this  factor 
might  be  laid  down  upon  the  board  as  the  generating  circle  of  a  wave 
line  or  as  an  ascending  wave  line.  An  exaggerated  curve  of  this  form  is 
shown  in  Plate  XVII.  In  this  case  the  variation  of  the  index  is  so 
great  as  to  cause  a  decrease  in  the  ordinate,  even  with  an  increased  factor. 

A  further  use  to  which  the  mechanical  calculation  of  curves  may  be 
extended  is  the  determination  of  the  maxima  and  minima  of  quantities, 
such  as  weights,  efficiency,  or  costs. 

As  an  example,  a  formula  has  been  obtained  by  Mr.  W.  J.  Millar, 
C.E.,  by  means  of  which  may  be  decided  the  most  economical  speed  at 
which  to  drive  a  steamer,  in  relation  to  the  cargo  carried  and  the  coals 
consumed.  Mr.  Millar  gives  two  expressions,  one  representing  the  value 
of  the  cargo,  the  other  the  expense  of  carrying  it,  the  difference  repre- 
senting the  available  profit.  Thus,  assuming  the  power  to  vary  as  speed^, 
we  have: — 
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C  =  total  carrying  capacity, 
S  =  length  of  voyage  in  knots, 
K  and  m  =  fectors  connecting  the  coal  consumption  and  horse-power, 

then—  ^  -  K  (w  V*)  =  piofit. 

IS 

By  the  aid  of  the  differential  calculus  we  may  find  the  most  economical 
speed  to  be—  V  =  -^  C  -i-  4  K  w  S. 

C  V 
Graphically  it  may  be  found  by  drawing  the  line  — q—  from  a  given  origin, 

and  the  curve  K  (m  V*)  from  the  same  point.*  The  speed  we  are  seeking 
is  at  the  point  where  the  vertical  distance  between  the  two  lines  is 
greatest.  Where  they  cut,  profit  ceases.  If  the  speed  is  increased  to  a 
point  where  the  lines  have  crossed,  we  understand  that  the  value  of  the 
coals  consumed  is  greater  than  the  value  of  the  cargo.  (See  Plate  XVIII.) 
But  if  the  power  does  not  vary  as  the  cube  of  the  speed,  say  from  V^^  to 
V*,  the  value  of  the  graphic  method  is  more  apparent,  all  that  requires  to 
be  done  being  to  lay  down  the  graphic  index  on  the  board  and  proceed 
as  already  indicated. 

In  conclusion^  the  writer  can  only  express  the  hope  that  these  few  ex- 
amples will  serve  to  indicate  the  nature  and  scope  of  an  apparatus  which  a 
moderate  amount  of  care  will  enable  anyone  to  make  and  use  for  himself. 


DISCUSSION. 

.  Mr.  James  Thomson,  Jun.,  in  opening  the  discussion,  said  this  paper 
was  very  interesting,  and  the  graphical  method  shown  was  very  ingeni- 
ous, but  he  did  not  know  whether  it  would  be  very  us^'ul.  One  diflficulty 
in  regard  to  the  diagram  was,  that  for  accurate  work  the  lines  on  it  would 
require  to  be  drawn  with  a  much  finer  subdivision  than  that  indicated, 
and  it  would  then  be  practically  impossible  to  take  the  readings  on 
account  of  the  difficulty  of  tracing  the  lines  along  to  the  scale  at  the  end. 
That  was  one  difficulty  that  struck  him  at  the  outset.  Then  he  thought 
Mr.  Young  had  exaggerated  the  difficulty  of  using  logarithms  in  com- 
parison with  the  graphical  method.  Mr.  Young's  diagram  was  very  good 
if  there  were  a  great  deal  of  work  of  the  same  kind  to  be  done  ;  but  if 
such  work  only  occurred  occasionally,  it  would  scarcely  be  woi'th  while  to 
lay  out  that  careful  ruling.  He  did  not  know  that,  for  practical  purposes, 
it  would  often  be  wanted.  They  required  indices  certainly,  sometimes, 
but  not  as  Mr.  Young  suggested,  in  calculating  speeds  of  ships.     Mr. 

•  For  Mr.  W.  J.  Millar's  paj>er,  see  Proceedings  of  the  Edinburgh  Mathematical 
Society,  Session  1888-89. 
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Mansers  method  was  not  really  of  much  practical  use;  so  he  (Mr.  Thom- 
son) did  not  quite  see  for  what  useful  purpose  one  would  use  this  scale. 
Then  he  noticed,  in  the  example  Mr.  Young  gave  of  logarithms,  he  took 
the  ordinary  tables,  such  as  Chambers's,  with  seven  figures;  that  was  more 
than  necessary.  They  could  get  tables  of  logarithms  up  to  four  figures, 
the  whole  table  being  on  one  page;  so  that  there  was  no  need  to  turn  over 
pages.  When  they  had  logarithms  such  as  these  the  calculations  were 
much  simpler  than  Mr.  Young  showed  in  his  paper,  and  there  was  less 
reason  for  graphical  methods. 

Mr.  J.  C.  Stirzaker  said  he  would  like  to  ask  Mr.  Young  a  question 
as  to  his  method  of  investigating  curves.  The  other  day  he  (Mr.  Stirzaker) 
wished  to  obtain  the  equation  to  a  rather  peculiar  curve. 

A  Member — Could  you  write  the  equation  on  the  board  ? 

Mr.  Stirzaker — I  have  not  discovered  it.  It  varied  irregularly, 
increasing,  at  first  rapidly,  afterwards  slowly,  from  the  1*85  power  to  the 
square.  Was  Mr.  Young's  method  capable  of  determining  the  equation 
to  such  a  curve  ?  If  so,  it  was  very  valuable.  He  thought,  with  Mr. 
Thomson,  that  for  regular  curves  one  would  prefer  to  use  logarithms ; 
but  for  varying  curves,  the  saving  by  this  system  appeared  considerable. 
It  must,  however,  be  a  rather  rough  way  of  working.  Calculating  to  two 
or  three  places  of  decimals  would  give  more  accurate  results.  The  method 
was  very  ingenious,  and  he  thought  Mr.  Young  deserved  great  credit  for 
his  ingenuity,  and  for  the  trouble  he  had  taken  with  the  paper. 

Mr.  Thos.  Phillips  (of  Lloyd's  Register)  said  he  had  followed  the 
reading  of  this  paper  with  a  considerable  amount  of  interest,  and  quite 
admired  the  ingenuity  and  mathematical  skill  displayed  in  the  production 
of  the  paper.  He  thought  that  although  there  might  be  difficulties  in 
the  readings  as  pointed  out  by  a  previous  speaker  (Mr.  Thomson),  yet  on 
the  whole  it  was  of  great  practical  use  in  reading  and  interpreting  curves. 
He  thought  the  writer,  with  the  mathematical  skill  which  he  evidently 
possessed,  would  have  no  difficulty  in  altering  his  diagram  to  obtain  the 
equation  sought  by  the  lasi  speaker  (Mr.  Stirzaker).  He  desired  to 
express  his  appreciation  of  the  paper,  and  that  most  heartily.  A  paper  of 
this  kind,  although  it  might  not  appear  to  those  not  mathematically 
inclined  to  be  of  very  much  advantage,  yet  they  knew  that  the  whole  art 
of  shipbuilding  and  engineering  was  governed  by  mathematical  science. 
Pei"sonally  he  thanked  the  writer  of  the  paper,  and  he  thought  he  echoed 
Its  of  all  present. 
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The  Vice-President,  having  foiled  to  obtain  any  other  speaker  on 
the  paper,  said  that  according  to  their  usual  rule  the  discussion  would 
stand  adjourned ;  but  it  was  desirable,  so  far  as  possible,  that  all  the 
business  of  this  meeting  should  be  completed,  he  could  now  only  call  upon 
Mr.  Tonng  to  reply  to  the  discussion.  He  was  sorry  that  a  paper  which 
had  evidently  such  a  wide  field  before  it,  and  offered  in  its  applications 
such  a  wide  scope  for  debate,  had  not  called  forth  more  opinions.'  He 
thought  the  "mechanical  aid"  would  be  usetbl  in  a  great  many  ways. 
There  were  times  when  tables  of  logarithms  were  not  to  be  got  so  very 
handy,  and  one  or  two  scales  such  as  had  been  exhibited  might  be  very 
usefully  applied.  Things  nowadays  had  a  tendency  to  be  rushed,  and 
there  was  not  so  much  time  to  be  given  to  mathematics  on  everyday 
subjects  in  ordinary  business.  He  was  sure  they  had  in  this  paper  a  very 
important  field  for  research  and  exploration,  and  for  himself  he  must  say 
he  very  much  appreciated  what  had  been  put  before  them.  The  examples 
given  to  them  were  not  principles,  but  simply  illustrations.  Each  one 
could  adapt  the  system  to  his  own  requirements.  Some  people  did  not 
care  about  the  sliding  rule,  partly  because  they  did  not  think  it  was 
necessary,  and  partly  because  it  was  not  thoroughly  understood;  and 
probably  this  arrangement,  if  more  closely  studied  and  practised,  would 
be  found  more  useful  than  appeared  at  first  sight.  It  came  before  them 
in  a  somewhat  unfamiliar  aspect,  and  they  did  not,  as  a  rule,  take  in  such 
ideas  very  quickly.  He  had  now  to  call  upon  Mr.  Young  to  reply  to  the 
discussion. 

Mr.  J.  D.  Young,  in  reply,  said  that  with  regard  to  Mr.  Thomson's 
remarks,  an  apparatus  of  this  kind  was,  of  course,  chiefly  of  use  for  special 
purposes.  There  were,  doubtless,  many  cases  in  which  the  use  of  foga- 
rithmic  tables  was  preferable  or  necessary,  but  there  were  other  occasions, 
such  as  the  analysis  of  long  enumerations  of  experimental  data,  when  the 
application  of  a  graphic  or  a  mechanical  method  would  not  only  be  a 
mental  relief  to  the  investigator,  but  might  direct  him  to  the  nearer 
solution  of  the  questions  in  hand.  There  was  no  difficulty  in  reading  the 
lines  of  a  fully  divided  scale  when  every  tenth  one  was  made  thicker  than 
the  ones  between ;  and  the  apparatus  once  made,  it  was  always  as  ready 
for  use  as  a  table  of  logarithms.  Mr.  Mansel's  theory  was  merely  given 
as  an  illustration  of  a  method  of  working,  not  as  a  theory  which  he  (Mr. 
Young)  was  prepared  to  accept  as  correct  or  complete.  But  what  he 
wished  to  lay  most  stress  upon  was  the  value  of  a  graphic  index  in 
showing  the  tendencies  of  the  natural  laws  involved,  and  showing  them 
in  a  way  in  which  columns  of  figures  could  not  do. 
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With  regard  to  the  question  put  by  Mr.  Stirzaker,  Mr.  Young  said 
that  in  the  investigation  of  an  unknown  curve  considerable  judgment 
must  be  used.  There  might  or  there  might  not  be  some  a  priori  reason 
to  suspect  the  existence  of  a  variable  index  in  the  particular  case  in  point, 
and  when  there  were  more  than  one  factor  involved^  those  that  could  not 
be  a^ected  by  a  variable  index  would  have  to  be  removed  first.  He 
would  recommend  Mr.  Stirzaker,  after  taking  these  precautions,  to  draw 
a  series  of  equally  spaced  vertical  lines  across  the  apparatus  and  mark 
upon  each  line  in  succession  the  value  of  the  index,  as  explained  in  the 
paper,  when  it  would  be  seen  at  a  glance  whether  the  spots  lay  in  the 
form  of  any  known  curve,  if  not  in  a  straight  line.  He  thanked  the 
speakers  for  their  kindly  appreciation  of  his  paper,  and  trusted  that  it 
would  be  Ibund  useful  to  some  members  in  their  work. 

The  Vice-President  said  he  could  not  be  wrong  in  assuring  Mr. 
Young  of  their  appreciation  of  his  labours,  and  he  called  upon  them  to 
return  him  their  very  warmest  thanks. 

The  vote  was  accorded  by  acclamation. 
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ADJOURNED  DISCUSSION   ON   "THE  UNSINKABILITY  OF 

CARGO-CARRYING  VESSELS." 

Discussion  was  resumed  on  Mr.  W.  Hok's  paper  on  "  The  Unsinkability 
of  Cargo-Carrying  Vessels,"  read  afc  a  former  meeting. 

The  Secretary  (Mr.  Duckitfc)  intimated  that  he  had  received  a 
communication  from  Mr.  L.  Piaud,  Inspector- General  to  the  Bureau 
Veritas  in  Paris.  He  could  not  speak  as  to  its  character,  as  he  only  had 
had  time  to  glance  at  it. 

The  Vice-President  said  that  seeing  it  was  a  written  communica- 
tion it  might  be  well  to  have  it  perused  by  some  member  of  the  Reading 
Committee  before  being  read  to  the  meeting,  and,  practically,  made 
public.  They  did  not  know  but  what  it  might  involve  complications 
of  which  they  were  not  aware  ;  and  reading  a  lengthy  communication  in 
this  way  might  be  rather  awkward,  even  although  it  was  the  writer  and 
not  the  Institution  who  would  be  responsible. 

_  « 

The  Secretary — From  glancing  over  it,  it  seems  to  me  only  a  ques- 
tion in  regard  to  certain  rules  made  by  Veritas. 

Mr.  R.  L.  Wbighton — I  would  propose  that  the  paper  be  read. 

Mr.  J.  R.  FoTHERGiLL — I  sccoud  the  proposal.  I  see  little  difference 
between  reading  a  written  and  signed  communication  and  making  remarks 
personally  from  the  platform.  In  each  case  it  is  the  person's  own  opinion. 

The  Vice-President  having  put  the  resolution  to  the  meeting,  the 
proposal  was  adopted  without  dissent. 


Communication  from  Mr.  L.  Piaud. 

Paris,  January  1%  1891. 
This  very  interesting  paper  will  certainly  prove  to  be  useful  in  illustrat- 
ing the  dangers  to  which  shipowners  are  exposed  on  account  of  the  defective 
arrangement  of  water-tight  bulkheads.  It  will  be  readily  admitted  that 
the  registration  societies  have  always  been  aware  of  the  necessity  of  re- 
quiring a  more  complete  partition  of  vessels,  but  that  they  naturally  meet 
with  strong  objections  on  the  part  of  owners  who  contend  that  too  many 
bulkheads  would  interfere  with  their  commercial  interests.  These 
objections  are  certainly  justified  in  many  instances,  but  it  is  not  always  bo, 
and  I  strongly  believe  that  if  owners  were  well  persuaded  of  the  enormous 
danger  to  which  their  property  is  constantly  exposed,  it  would  be  possible 
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to  lead  them  to  secure  safficient  safety  without  interfering  with  trade  in 
the  great  majority  of  cases.  If  very  long  holds  are  required  for  carrying 
woods  or  other  cargoes  of  great  length,  a  central  longitudinal  bulkhead 
might  be  fitted  without  any  iuconvenienoe ;  in  other  cases,  a  proper 
arrangement  of  hatches  might  allow  of  very  large  pieces  of  cargo  being 
shipped  in  holds  far  smaller  than  they  generally  are.  But  to  obtain  such 
a  result  some  goodwill  should  be  required  from  all  parts. 

The  Bureau  Veritas  has  endeavoured  for  many  years  to  induce  owners 
and  builders  to  fit  as  many  water-tight  bulkheads  as  were  needed  to  render 
vessels  practically  unsinkable.  In  ai*ticle  2  of  their  rules  it  is  said  that 
**  steel  or  iron  vessels  which  are  divided  in  a  suflScient  number  of  water- 
tight compartments  to  keep  the  vessel  afloat  in  case  of  a  serious  leak  in 
one  of  the  said  compartments  shall  be  inserted  in  the  register  book 
with  the  mark  '  0.'  '*  To  obtain  this  distinctive  mark  a  maximum  load- 
line  beyond  which  the  vessel  shall  not  be  loaded  must  be  submitted  for 
the  approval  of  the  Bureau  Veritas,  also  a  complete  plan  of  the  various 
compartments,  together  with  the  calculations  of  the  displacement  and  of 
the  longitudinal  and  transverse  stabilitt/,  supposing  one  of  the  compartments 
to  be  filled  with  water, 

.  Many  mail  and  passenger  steamers  have  received  the  above  mark,  and 
also  a  few  cargo  vessels,  and  it  may  be  said  that  this  departure  has  proved 
to  be  quite  successful. 

Vessels  built  according  to  the  above  rule  are  indeed  practically  un- 
sinkable, because  not  only  their  buoyancy  but  also  their  stability  has  been 
ascertained  previous  to  the  approval  of  the  plans. 

Some  further  steps  have  been  taken  by  the  Bureau  Veritas  to  obtain  a 
gmdiial  increase  in  the  number  of  water-tight  bulkheads.  Article  23  of 
the  rules  provides  that  'Mntermediate  bulkheads  must  be  fitted  in  holds 
of  steamers  whenever  their  length  exceeds  90  feet."  If  this  rule  is  com- 
pared with  those  enforced  by  Lloyd's  Register,  it  will  be  seen  that  the 
Bureau  Veritas  has  an  advantage  over  the  latter ;  and  it  may  be  assumed 
that  if  Mr.  Hok's  calculations  had  been  made  on  vessels  built  according 
to  Veritas'  rules,  the  limit  of  unsinkability  for  various  classes  of  steamers 
would  have  been  lowered. 

To  show  the  accuracy  of  the  above  statement,  let  us  compare  the 
regulations  of  both  societies,  under  the  assumptions  of  Mr.  Hok  with 
regard  to  the  length  of  engine  and  boiler  rooms,  as  well  as  of  fore  and 
after-peaks,  in  relation  with  the  total  length  of  vessels. 

Besides  the  four  fundamental  bulkheads,  Lloyd's  rules  require  : — 
1  additional  bulkhead  for  vessels  over  280  feet. 
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Borean  Veritas  rules  require  one  additional  bulkhead  in  any  compartment 
exceeding  90  feet.  Let  us  see,  first,  beyond  what  length  of  a  ship  does 
the  length  of  a  hold  exceed  90  feet,  according  to  Mr.  Hok's  assumptions: — 

Midlength. 


A        B 


C 


D 


(E.  &  B. 


M 


K 


Room.) 


I.  Fore-hold. 


I 


I                      /I0  +  ^^'         I 
IK  =  ML  -  KL  -  MI  =  -^  -  0-08?-  I  ^ j^^ 


=  90'. 


Hence  I  =  217  feet. 

Thus,  one  additional  bulkhead  is  required  by  Bureau  Veritas  in  the 
fore-hold  of  vessels  when  length  exceeds  217  feet,  against  280  as  per 
Lloyd's. 

II.  After-hold, — In  the  same  manner,  it  will  be  found  that — 

I 

=  90* 
I         z  lUUI 

;  =  229  feet. 


BO  =  AM  -  AB  -  CM  =^  -0-08?-(  ^ +  ji 


An  additional  bulkhead  in  after-hold  is   required  by  Bureau  Veritas 
in  vessels  exceeding  229  feet  in  length. 

III.  Another  additional  bulkhead  is  required  in  the  fore-hold 
if  the  length  of  same  exceeds  180  feet,  which  corresponds  to  a  length  of 
vessel  equal  to  418  feet^  and  so  on. 

Hence  the  following  table  can  be  drawn  up  : — 


( 

1 

Length  of 
ibip. 

Additional  Bolkheadg. 

Lloyd's. 

Veritas. 

Feet. 
Under  217 

217-229 

229-280 

280-330 
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418-440 
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0 

0 

0 
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2 

2 

2 

« 

0 
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„   1 1  in  fore-hold 
^   11  in  after-hold 

2  id. 

2            id. 
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.    (2  in  fore-hold 
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Sailing  Vessels, — This  is  the  most  disgraced  class  of  yessels ;  and, 
indeed^  no  reason  can  be  given  for  the  total  want  of  bulkheads  in  them 
but  the  bad  roatine  which  has  prevailed  from  the  time  of  wooden  vessels. 
To  try  and  fight  against  it  the  Borean  Veritas  has  again  made  a  new 
departure  in  the  rules  just  published.  One  water-tight  bulkhead  amid- 
ships is  recommended  in  sailing  vessels  of  250  feet  length,  and  two 
bulkheads  in  vessels  of  800  feet.  Besides  that,  a  special  mark  fH 
is  granted  to  iron  or  steel  sailing  vessels  fitted  with  so  many 
water-tight  bulkheads  (besides  the  coUision  bulkhead)  that  each  mast 
may  be  placed  in  a  separate  compartment. 

We  hope  that  the  value  of  this  mark  will  be  duly  appreciated 
by  shipowners  and  underwriters,  and  lead  to  an  efficient  protection  of 
saihng  vessels  against  all  dangers  of  collision. 

L.    PlAUD, 
The  Inspector-  General  of  Bvreau  Veritas. 

Mr.  A.  Leckie  said  he  had  not  read  Mr.  Hok^s  paper,  and  it  was 
only  from  the  remarks  brought  out  in  the  letter  just  read  that  he  was 
induced  to  speak.  So  far  as  unsinkableness  was  concerned,  it  struck  him 
that,  even  with  the  bulkheads  fitted  as  ordered  by  Veritas,  they  still 
came  a  long  way  short  of  the  unsinkable  craft.  That  very  vessel  [pointing 
to  a  framed  photograph  of  the  "Clio,"  of  Hull,  on  the  platform],  after 
she  was  repaired,  laden  with  a  cargo  of  pig  iron,  and  sent  to  sea,  sank  in 
five  minutes  after  having  been  struck  on  the  bulkhead  between  Nos.  3 
and  4  holds,  going  down  stem  foremost ;  and  nineteen  hands  were  drowned. 
It  was  evident  they  must  take  care  that  the  number  of  bulkheads  should 
be  increased,  so  that  if  one  was  struck,  and  the  two  compartments  were 
full  of  water,  the  vessel  would  still  have  sufficient  buoyancy  to  be  safe. 
That  was  not  a  condition  of  safety  in  any  craft  he  knew.  When  acting 
for  the  Board  of  Trade,  he  drew  their  attention  to  the  distance  of  bulk- 
heads in  passenger  steamers  not  giving  safety;  but  the  reply  was,  "in 
this  case  you  may  allow  them  to  pass."  The  third  point  was  the  strength 
of  the  bulkheads.  He  had  not  seen  any  bulkheads  made,  either  under 
Lloyd's,  Veritas,  or  other  classification,  that  was  equal  to  the  pressure 
that  came  upon  them  when  one  of  the  holds  was  filled  with  water — that 
is,  when  one  compartment  was  filled;  it  was  the  additional  weight  or  dis- 
placement that  caused  the  ship  to  sink  down.  It  was  with  such  additional 
pressure  that  the  bulkheads  in  many  cases  gave  way.  Practically,  for 
the  bulkheads  to  be  of  any  use  they  would  require  to  be  strengthened  in 
such  a  way  as  to  be  able  to  stand  the  pressure  of  water,  presuming  the 
vessel  to  be  full  up  to  the  main  deck. 
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Mr.  J.  R.  FoTHBRGiLL  regretted  he  was  not  able  to  agree  with  his 
friend  Mr.  Leckie  on  the  question  of  bulkheads.  No  doubt  they  could  so 
subdivide  a  cargo  ship  by  water-tight  bulkheads  that  the  filling  of  any 
two  compartments  would  not  materially  aflPect  her;  but  he  (Mr.  Fothergill) 
was  of  the  opinion  such  subdivision  would  so  interfere  with  the  carrying, 
loading,  and  discharging  of  the  cargo,  that  commercially  such  a  vessel 
would  be  a  failure,  for  she  could  not  be  sailed  to  profit.  He  thought  the 
shipowner  was  pei*fectly  justified  in  his  contention  that  the  present  num- 
ber and  arrangement  of  bulkheads  was  quite  suflScient.  Undoubtedly 
there  was  a  certain  amount  of  risk  from  collision  and  similar  causes ;  but 
was  not  that  so  in  all  undertakings  ?  The  proper  remedy  was  to  remove 
the  danger,  and  not  to  construct  a  vessel  to  be  proof  against  such  con- 
tingencies— ^invariably  the  outcome  of  negligence  and  carelessness. 

Mr.  A.  MoGlashan,  being  called  upon,  said  he  could  not  pretend  to 
give  an  opinion  on  the  paper;  there  were  many  important  points  in  it,  but  he 
had  not  been  able  to  read  it  thoroughly.  He  did  not  think,  however,  that 
it  was  assumed  by  Lloyd's  or  shipbuilders  or  shipowners  that  the  present 
rules  for  the  arrangement  of  bulkheads  would  make  ships  unsinkable  under 
the  conditions  assumed  in  the  paper.  He  thought  with  Mr.  Fothei'gill  that 
the  difficulties  of  shipowners  were  already  sufficiently  numerous  without 
adding  to  them  by  requiring  bulkheads  to  be  placed  close  enough  in 
vessels  to  make  them  unsinkable.  He  did  not  see  anything  mentioned 
in  the  paper  regarding  the  value  of  double  bottoms  in  ships  as  contri- 
buting to  their  unsinkability,  though  frequently  very  considerable  damage 
has  been  done  to  the  outer  bottoms  of  ships  and  their  safety  still  main- 
tained because  of  the  efficiency  of  their  inner  bottoms.  He  should  not 
say  more  lest  he  should  be  doing  an  injustice  to  the  writer  of  the  paper. 
There  was  a  gi'eat  deal  of  matter  in  it,  and  probably  altogether  valuable, 
although  he  was  not  in  a  position  to  say  so. 

Mr.  T.  Phillips  said  he  could  plead  the  same  excuse  as  the  previous 
speaker,  he  had  not  had  an  opportunity  of  studying  the  paper  There 
seemed  to  be  a  lot  of  matter  in  it,  and  a  lot  of  assumption.  Several  of 
the  assumptions  he  thought  might  be  avoided  altogether,  and  something 
of  a  more  definite  character  stated.  For  instance,  if  he  understood  the 
paper,  it  seemed  to  him  slightly  out  of  order  to  assume  that  the  hold 
should  be  perfectly  full  of  water,  completely  filling  it  up  to  the  beams, 
while  the  ship  would  be  floating  with  a  considerable  part  of  the  deck  out 
of  water.  In  regard  to  the  treatment  of  the  question  of  the  unsinkability 
of  ships,  he  thought  he  should  prefer  the  manner  it  had  received  attention 
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from  Mr.  Barnes  and  Mr.  Dunn,  both  gentlemen  connected,  or  lately 
connected,  with  the  Admiralty.  Mr.  Barnes,  in  a  veiy  scientific  paper 
of  an  exhaustive  character,  treated  the  case  of  the  different  compartments 
separately.  He  (Mr.  Phillips)  did  not  know  whether  the  results  shown 
in  this  paper  were  the  same  as  those  of  Mr.  Barnes,  but  on  account  of 
the  difficulties  in  connection  with  the  subject,  he  really  thought  it 
was  an  utter  impossibility  to  treat  it  satisfactorily  in  any  other  way 
than  that  done  by  Mr.  Barnes.  This  paper,  however,  showed  a  great  deal 
of  ingenuity  and  mathematical  skill.  With  reference  to  what  had  been 
written  by  the  Inspector-General  of  the  Bureau  Veritas  in  Paris,  un- 
fortunately he  was  not  so  ^miliar  with  the  rules  of  Veritas  as  he  was 
with  the  rules  of  Lloyd's.  Possibly  if  there  had  been  anything  to  be 
gained  he  might  have  taken  an  opportunity  of  studying  what  the  rules  of 
the  Bureau  Veritas  really  were.  He  had  casually  seen  their  book  of  rules, 
and  no  doubt  it  had  been  compiled  with  care,  thought,  and  proper  con- 
sideration of  all  the  matters  connected  with  the  subject  of  shipbailding ; 
and  he  knew  sufficient  of  the  surveyora  of  Bureau  Veritas  to  have  confi- 
dence in  their  practical  skill  and  integrity ;  but  at  the  same  time  he 
thought,  although  he  might  be  wrong  in  this  respect,  that  it  was  hardly 
the  thing  to  write  and  disparage  other  registers,  if  he  might  so  put  it,  before 
an  Institution  of  this  kind.  He  (Mr.  Phillips)  had  in  his  mind's  eye  the 
case  of  a  steamer  that  was  to  be  built  somewhere  in  the  vicinity  of  West 
Hartlepool.  The  drawings  were  submitted  to  Lloyd's  Register,  and  in 
connection  with  the  question  of  bulkheads,  Lloyd's  Committee  refused  to 
entertain  the  claims  of  the  steamer  for  classification,  because  the  bulk- 
heads were  not  carried  up  sufficiently  high,  and  he  thought  the  height  of 
bulkheads  had  a  very  important  bearing  on  the  efficiency  of  the  structure. 
They  were  quite  inefficient  unless  carried  up,  at  any  rate,  above  the  water- 
Une,  for  if  one  compartment  is  filled  and  the  water  gets  above  that  bulk- 
head, naturally  there  is  a  passage  into  the  next  compartment  and  then 
two  compartments  would  be  turned  into  one,  and  hence  the  danger 
pointed  out  by  Mr.  Leckie.  However,  he  understood  the  ship  with  these 
bulkheads,  as  first  proposed,  was  eventually  classed  by  Bureau  Veritas. 
There  was  a  vessel  to  be  built,  too,  not  a  100  miles  from  West  Hartle- 
pool, to  be  classed  by  Bureau  Veritas,  with  six  bulkheads,  being  exactly 
the  same  number  as  under  Lloyd's  rules.  The  bulkheads  might  be 
in  the  Veritas'  rules  in  the  form  of  recommendations,  but  were  they 
in  the  ships  ?  It  was  very  good  to  have  more  bulkheads,  but  from  the 
commercial  difficulties  alluded  to  by  previous  speakers,  some  great 
pressure  would  have  to  be  put  upon  the  registries,  and  assistance  given 
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by  shipowners,  before  they  would  find  it  possible  to  increase  the  number 
of  bulkheads  in  ships,  even  although  a  greater  number  of  bnlkheads  were 
desirable  to  make  vessels  unsinkable.  In  regard  to  the  suggestion  for 
having  a  longitudinal  bulkhead,  as  pointed  oufc  by  Bureau  Veritas,  it 
would  be  very  useful  in  the  way  of  giving  the  vessel  longitudinal  and 
vertical  strength,  but  in  the  case  of  a  vessel  receiving  damage,  there 
might  be  in  consequence  a  dangerous  inclination  to  one  side,  and  it  was 
very  questionable  if  a  longitudinal  bnlkhead,  to  prevent  foundering, 
would  be  as  useftil  as  bulkheads  put  in  in  some  other  way.  He  (Mr. 
Phillips)  desired  to  express  his  thanks  to  the  members  of  the  Institution 
for  giving  him  an  opportunity  of  making  these  remarks. 

Mr.  Jas.  Thomson,  Jun.,  said  he  had  gone  throagh  the  mathe- 
matical portion  of  the  paper  in  the  Appendix,  and  he  thought  he  had 
found  one  small  mistake.  In  stating,  immediately  after  equation  (1), 
Vi=zv  +  a  {di^d)^  Mr.  Hok  had  assumed  that  the  mean  draught  ^  of 
the  ship  represented  the  depth  of  water  in  the  hold.  Now,  if  the  hold  in 
question  was  near  one  end  of  the  ship  the  depth  of  water  might  be  very 
much  greater  than  the  mean  draught  of  the  ship.  While  pointing  out 
this  mistake  he  would  say  that  perhaps  it  wonld  turn  out  to  be  of  little 
importance  practically.  It  would  be  utterly  impossible  to  deal  with  this 
subject  in  the  way  Mr.  Hok  had  done  without  making  a  great  many 
assumptions.  So  far  as  he  (Mr.  Thomson)  saw,  he  was  justified  in  his 
assumptions,  but  that  was  a  thing  that  must  be  verified  by  calculation. 
Direct  calculation  should  be  made  from  the  lines  of  a  ship  of  the  effect  of 
having  one  compartment  bilged,  and  the  result  should  be  compared  with 
Mr.  Hok*s  curves.  Mr.  Hok  did  not  say  whether  he  had  made  such 
calculations  and  whether  they  agreed  with  his  results.  If  they  agreed 
with  his  method  of  calculation  the  next  point  would  be,  what  is  to  be 
done  with  the  results  ?  From  Mr.  Hok's  second  paper  promised  to  the 
Institution  they  would  hear  what  he  proposed  in  that  respect.  He  (Mr. 
Thomson)  would  just  say  that  if  bulkheads  were  increased  in  number  it 
would  mean  increased  working  cost  to  the  ship,  more  hatches,  more 
steam  winches,  and  might  involve  an  extra  mast  in  some  cases.  There 
was  one  slight  set-off  as  to  cost — if  there  were  more  hatches  the  cargoes 
would  be  discharged  and  loaded  quicker ;  but  this  despatch  would  not 
balance  the  extra  cost.  To  add  to  the  number  of  bulkheads  would  be  to 
add  to  the  difficulties  of  the  shipowner,  which  are  sufficiently  serious 
now  in  faoe  of  foreign  competition ;  but  even  if  they  did  not  recommend 
more  bulkbeda  it  was  still  important  to  know  whether  a  ship  was  or  was 
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not  "unsinkable."  No  one  supposed  that  a  ship  was  absolutely  safe 
when  it  went  to  sea ;  it  was  always  a  question  of  what  was  reasonable. 
Mr.  Hok  had  asked  four  questions  in  this  paper.  He  did  not  know  whether 
anyone  had  answered  them.  They  were : — (1)  Are  the  formulae  used  in 
the  present  investigation  accurate  enough  for  solving  these  problems? 
He  (Mr.  Thomson)  thought  they  were,  but  that  they  should  be  tested  by 
other  calculations.  (2)  What  should  be  the  minimum  freeboard,  for- 
ward, middle,  and  aft,  to  ensure  unsinkability  ?  (3)  What  percentage  of 
water  should  be  supposed  to  be  admitted  in  vessels  built  for  general 
trading  purposes  in  case  of  damage?  He  thought  in  regard  to  both 
these  questions  Mr.  Hok's  assumptions  were  reasonable.  (4)  Is  it  suflfi- 
cient,  in  attempting  to  provide  adequate  subdivision,  to  assume  that  only 
one  of  the  principal  compartments  is  in  communication  with  the  sea? 
Clearly,  to  ensure  safety  the  ship  should  be  capable  of  floating  with  any 
two  compartments  in  communication  with  the  sea.  This  represents  the 
case  of  a  ship  struck  at  or  near  a  bulkhead  so  that  the  bulkhead  is 
destroyed.  Mr.  Hok*s  paper  must  have  necessitated  a  great  amount  of 
work  in  its  preparation,  and  the  Institution  should  be  very  much  obliged 
to  him  for  it. 

The  Vice-President  said  that,  with  regard  to  sailing  vessels,  there 
was  a  firm  of  shipowners  on  the  Clyde  who,  some  fifteen  or  twenty  years 
ago,  were  in  the  habit  of  subdividing  their  sailing  vessels — some  220  feet 
long  or  thereby — with  four  water-tight  bulkheads.  These  vessels  were 
employed  principally  in  the  East  Indian  trade.  As  the  succeeding  vessels 
became  larger,  they  were  found  expensive  and  unhandy  in  working,  and 
the  extra  bulkheads  gradually  disappeared ;  and  for  some  years  now  the 
vessels  built  for  this  company  had  simply  the  ordinary  collision  bulkhead 
forward,  and  in  a  few  cases  another  bulkhead  close  aft.  There  were 
difficulties  in  working,  eis  had  been  very  well  remarked.  It  was  a  very 
difficult  question  to  combine  the  desirable  and  the  practicable ;  and  as 
their  worthy  friends  who  loaded  and  discharged  vessels  were  mostly  agreed 
that,  as  the  ships  were  just  now,  they  required  all  the  hatches,  winches, 
and  ventilation  at  present  supplied,  if  further  subdivision  was  carried  out 
still  more  hatches,  winches,  etc.,  would  be  required  ;  besides,  the  smaller, 
or  rather  shorter  holds  were  not  so  convenient  for  general  stowage.  The 
difficulties  of  complying  with  these  requirements  was  the  case  of  bulk- 
heads being  gradually  discontinued;  and,  not  so  much  for  the  conveyance 
and  stowage  of  materials  of  considerable  length,  such  as  timber  or  rails, 
as  the  great  bulk  of  the  cargoes  was  ordinary  merchandise  and  Manchester 


DISCUSSION— UNSINK ABILITY  OP  CARaO-OARRYINQ  VESSELS.         147 

goods.  He  knew  another  case,  some  years  ago^  where  a  bulkhead  sab- 
dividing  the  fore  fi*om  the  main  hold  in  a  small  coasting  steamer  had,  by 
some  mistake^  been  partly  fitted,  and  when  the  builder  discovered  they 
had  gone  so  far  with  the  bolkheads  it  was  offered  to  the  owner  for  a 
nominal  snm  ;  but  he  wonld  not  have  it,  as  his  experience  of  a  previous 
steamer  with  this  bulkhead  had  been  such  that  he  would  rather  pay 
money  to  keep  the  bulkhead  out  of  the  vessel.  He  would  not  call 
upon  Mr.  Hok  to  reply,  as  the  discussion  would  be  continued  in  Newcastle. 
He  believed  it  was  at  his  (Mr.  Macoll's)  instigation  that  the  discussion 
had  been  resumed  at  the  present  meeting.  He  wished  more  of  the 
members  had  taken  part  in  it. 

The  discussion  was  then  adjourned. 
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ADJOURNED  DISCUSSION  ON  "INCREASED  BOILER  PRES- 
SURE  AND  INCREASED  PISTON  SPEED  FOR  MARINE 
ENGINES." 

The  Vicb-Pebsidbnt  said  there  was  a  commnnication  ifrom  Mr, 
Cummins  in  reply  to  the  discussion  on  his  paper  upon  "  Increased  Boiler 
Pressure  and  Increased  Piston  Speed  for  Marine  Engines."  He  gathered 
it  was  a  paper  of  some  two  dozen  pages  of  foolscap,  and  as  they  would 
all  get  it  in  due  course  in  print,  and  they  could  read  it  at  their  own 
convenience — ^and  also,  as  this  meeting  place  was  not,  under  existing 
circumstances,  the  most  comfortable  in  the  world — he  put  it  to  them 
whether  they  would  occupy  some  forty  or  fifty  minutes  by  the  reading,  or 
close  the  meeting  forthwith. 

Mr.  DuOKiTT  said  he  had  to  apologise  for  Mr.  W.  R.  Cummins  not 
being  present,  as  he  could  not  get  through  from  Scotland. 

On  the  motion  of  Mr.  Jas.  Patterson,  seconded  by  Mr.  J.  R. 
FoTHERGiLL,  Mr.  Cummins's  reply  was  taken  as  read. 

The  meeting  then  dissolved. 


Communication  from  Mr.  G.  Arnison,  Jun. 

December  2Uh,  1890. 

Dear  Mr.  Duokitt, — At  the  last  meeting  of  the  Institution  there 
were  so  many  matters  of  interest  in  the  proceedings  that  I  did  not  think 
it  advisable  to  further  protract  the  discussion  on  Mr.  Cummins's  paper. 
There  are  one  or  two  points  to  which  allusion  might  not  be  out  of  place. 

First,  Mr.  Cummins  advocates  apparently  the  adoption  of  250  lbs. 
pressure  of  steam  and  increased  piston  speed,  but  although  in  the  com- 
parative example  of  a  triple  expansion  engine  having  steam  of  150  lbs. 
working  pressure  and  a  quadruple  expansion  engine  with  steam  of  260 
lbs.  working  pressure  he  proposes  to  increase  the  normal  revolutions  from 
65  to  100  per  minute,  not  the  slightest  consideration  is  given  to  the  pro- 
peller. No  doubt  Mr.  Cummins  may  reply  that  his  object  was  only  "to 
raise  a  few  questions  as  to  the  advisability  of  increasing  (1)  the  working 
pressure  and  (2)  the  piston  speed  of  marine  engines,  and  to  consider  what 
type  of  engines  and  boilers  would  best  suit  these  conditions."  It,  how- 
ever, appears  that,  to  have  a  practical  result,  the  efficiency  of  the  engine 
in  propelling  the  vessel  should,  in  all  such  enquiries,  be  one  of  the  questions 
considered. 

VOL.  VJI^UBl.  T 
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Secondly,  in  considering  what  is  the  best  type  of  quadruple -expansion 
engine  Mr.  Cummins  pronounces  in  favour  of  the  four-crank  engine. 
There  is  no  need  to  disparage  the  "four-crank"  engine,  but  it  is  said  that 
many  makers  appear  to  have  had  success  with  both  two  and  three-crank 
quadruple  expansion  engines,  and  there  has  beeu  at  least  one  three-crank 
m-cylinder  quadruple  expansion  engine  constructed,  viz.,  that  for  the 
screw  yacht  "  Rionnag-na-Mara."  Several  three-crank  four-cylinder  en- 
gines have  been  constructed  on  the  river  Wear. 

Attention  in  the  discussion  on  Mr.  Cummins's  paper  has  been  already 
drawn  to  Mr.  Thos.  Mudd's  patent  quadruple  expansion  engine  with  three 
cranks  and  four  cylinders,  but  no  mention  has  been  made  of  Messrs. 
Fleming  &  Ferguson's  patent  quadruple  expansion  engines,  of  which 
forty-one  sets  have  been  completed  or  are  nearing  completion  for  thirty-six 
vessels.  They  are  four-cylinder  ttvo-atMik  engines,  but  owing  to  the 
cylinders  being  on  the  same  plane  and  a  triangular  connecting  rod,  etc., 
being  adopted,  they  run  as  smoothly  as  four-crank  engines.  The  working 
pressure  of  steam  adopted  in  these  engines  has  been  generally  160  lbs.,  in 
one  instance  170  lbs.,  and  in  the  twin  screw  steamer  "Duckenfield" 
200  lbs.  per  square  inch. 

Thirdly,  in  connection  with  the  designing  of  boilers  Mr.  Cummins 
proposes  a  considerable  departure,  believing  that  such  a  course  is  neces- 
sary in  order  to  obtain  a  satisfactory  boiler  for  250  lbs.  working  pressure, 
alleging  that  at  such  a  pressure  difficulties  will  arise  with  the  furnaces 
and  the  flat  sides  of  the  combustion  chambers.  These  difficulties  are  not 
particularised,  but  probably  the  drawbacks  anticipated  by  Mr.  Cummins 
are  not  merely  constructive  det-ails,  but  something  involving  the  dura- 
bility and  continued  safety  of  the  boiler.  Certainly  it  is  possible  to 
obtain  reliable  furnaces  for  a  boiler  10  feet  6  inches  diameter  with  250 
lbs.  working  pressure.  With  "Purves*'  ribbed  flues,  33  inches  diameter 
and  plates  only  fths  of  an  inch  thick,  the  Board  of  Trade  allows  a  work- 
ing pressure  of  265  lbs.  per  square  inch,  and  by  the  formula  of  Lloyd's 
Register  as  high  a  pressure  as  281  lbs.  per  scjuare  inch  is  permitted. 
There  are,  as  some  of  the  speakers  in  the  discussion  pointed  out,  grave 
disadvantages  attaching  to  Mr.  Cummins's  proposed  marine  boiler,  so  that 
it  is  unnecessary  for  further  comment  to  be  made. 

No  doubt  some  good  will  result  from  the  reading  and  discussion  of 
Mr.  Cummins's  paper,  which  certainly  reflects  considerable  credit  upon  the 
writer,  and  must  have  necessitated  considerable  care  and  attention. 

I  am,  Sir, 

Yours  faithfully, 

Geo.  N.  Arnison,  Jun. 
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ME.  W.  R.  CUMMINS'S  REPLY. 

Mr.  Cummins,  before  replying  to  the  discussion  on  his  paper,  wished  to 
thank  the  President  (Mr.  Wigham  Richardson),  the  Past-President  (Mr. 
F.  G.  Marshall),  and  the  members  attending  the  last  two  meetings,  for 
the  kind  way  in  which  the  paper  had  been  received  and  criticised.  The 
object  of  the  paper  was  to  bring  before  the  members  of  the  Institution 
the  advantages  of  an  increase  of  boiler  pressure  and  of  piston  speed  for 
marine  engines.  While  the  majority  of  the  speakers  were  of  opinion  that 
an  increase  of  pressure  and  piston  speed  was  desirable,  there  was  naturally 
a  diversity  of  opinion  as  to  the  best  type  of  engine  and  boiler  to  suit  the 
new  conditions.  He  (Mr.  Cummins)  would  now  endeavour  to  reply  to 
the  discussion  in  detail. 

Mr.  Hall-Brown  was  under  a  misapprehension  as  to  the  meaning  of  the 
formula  given  in  the  paper.  He  said  that  '*  the  formula  was  merely 
meant  to  represent  the  losses  during  adiabatic  expansion."  The  formula 
did  not  represent  the  losses,  but  the  gains  during  adiabatic  expansion. 
It  merely  gave  the  amount  of  steam  which  would  (according  to  Rankine 
and  other  authorities)  be  liquefied  in  doing  external  work  {e.g,^  work 
against  a  moving  piston)  if  the  steam  were  expanded  adiabatically.  In 
the  paper  this  condensation  of  steam  had  been  called  liquefaction  to  dis- 
tinguish it  from  condensation  under  other  conditions.  The  greater  the 
amount  of  liquefaction  under  these  conditions  the  greater  would  be  the 
resultant  economy,  as  the  steam  thus  liquefied  gave  up  its  latent  as  well 
as  its  sensible  heat  to  do  external  work.  In  making  the  comparison 
between  compound  and  triple  engines  the  formula  had  been  used  to  give 
the  amount  of  liquefaction  in  each  case  under  the  conditions  as  given, 
and  from  it  the  theoretical  advantage  of  steam  of  160  lbs.  pressure  over 
steam  of  100  lbs.  pressure  was  calculated,  always  supposing  that  the  steam 
was  working  adiabatically.  It  might  be  argued  that,  under  the  conditions 
in  which  steam  is  used,  adiabatic  expansion  is  not  possible,  and  therefore 
the  conclusions  will  not  be  valid;  but  a  few  considerations  will  show  that 
even  if  the  steam  does  not  expand  adiabatically,  the  result,  as  far  as  rela- 
tive economy  is  concerned,  is  not  affected.  Suppose  we  take,  as  before, 
1  lb.  of  steam  at  115  lbs.  absolute  pressure,  and  let  it  expand  behind  a 
moving  piston  to  8  lbs.  absolute  pressure,  and  assume  that  a  quantity  of 
heat  is  given  to  it  which  will  prevent  the  liquefaction  which  would  other- 
wise take  place.  This  heat  may  be  given  to  the  steam  either  by  superheat- 
ing or  by  a  steam  jacket,  or  by  heat  stored  up  in  the  cylinder  walls  by 
initial  condensation.     Then  at  the  beginning  of  expansion  we  have  1  lb. 
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of  steam  at  115  lbs.  absolute,  and  at  the  end  of  expansion  1  lb.  steam  at 

8  lbs.  absolute,  whereas,  if  the  expansion  had  been  adiabatic,  we  should 

have  had  at  the  end  of  expansion  *8563  lbs.  steam  and  *1437  lbs.  water. 

The  quantity  of  heat  required  to  prevent  liquefaction  is  equal  to  the 

latent  heat  of '1437  lbs.  water  at  8  lbs.  absolute  =  141723  thermal  units. 

So  that— 

Heat  received  =  Total  heat  of  1  lb.  steam  at  115  lbs.  =  1216*974 

thermal    units  +  141*723  =  1358*697    thermal 

units. 

Heat  rejected  =  Total  heat  of  1  lb.  steam  at  4  lbs.  absolute  = 

1160*625  thermal  units. 

1858*697  —  1160*625  =  198*072  thermal  units  utilised  ; 

which  is  practically  the  same  result  as  in  the  case  when  the  steam  was 

expanded  adiabaticaUy.    The  slight  discrepancy  is  owing  to  the  fact  that 

the  pressure  at  the  end  of  expansion  is  not  the  same  in  both  cases.    In 

the  same  way,  for  steam  of  165  lbs.  absolute  pressure,  and  conditions  as 

in  paper,  the  quantity  of  heat  required  to  prevent  liquefaction  is  equal  to 

the  latent  heat  of  *17169  lbs.  water  at  6  lbs.  absolute  pressure  =  170*874 

thermal  units. 

Heat  received  =  Total  heat  of  *99305  lb.  steam  at  165  lbs.  absolute 

pressure  =  1216*974  thermal  units  +  170*874  = 

1387*848  thermal  units. 

Heat  rejected  =  Total  heat  of  '99306  lb.  steam  at  4  lbs.  =  1152*658. 

1387*848  —  1152*558  =  236*29  thermal  units  utilised. 

Heat  utilised  with  steam  of  116  lbs.  pressure  =  198*072. 

235*29-198*072       ,^^       ,o  .  v  * 
X  100  =  18  per  cent,  economy  as  before. 

Mr.  Hall- Brown  said  that  no  account  had  been  taken  of  cylinder 
condensation.  This  had  been  treated  in  the  paper  when  considering  the 
second  alleged  cause  of  the  economy  of  the  triple  expansion  engine.  Of 
course  the  loss  from  cylinder  condensation  is  the  greatest  source  of  loss 
against  which  we  have  to  contend ;  but  what  the  paper  attempted  to  prove 
was  that  in  passing  from  the  compound  to  the  triple  expansion  engine  the 
admitted  gain  of  20  per  cent,  was  not  due  to  any  special  advantage  the 
latter  engine  possessed  in  the  matter  of  small  initial  condensation,  but  was 
due  mainly  to  the  increase  of  working  pressure.  This  was  borne  out  by 
the  marine  engine  trials  carried  out  by  the  Institute  of  Mechanical 
Engineers,  referred  to  by  Mr.  Hall- Brown.  The  reason  why  the  amount 
of  condensation  in  the  "Meteor"  did  not  vary  materially  during  the 
expansion  was  merely  because  the  cylinders  were  jacketed.    Unfortunately, 
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the  amoiint  of  steam  condensed  in  the  jackets  was  not  measured,  so  that 
the  amount  of  heat  given  up  to  the  working  steam  cannot  be  calculated. 
The  cylinders  of  the  "Fusi  Yama"  and  "Colchester,"  on  the  other  hand, 
were  unjacketed,  and,  as  would  be  expected,  the  weight  of  steam  present 
at  the  end  of  expansion  was  much  less  than  at  the  beginning  of  expansion. 
The  amount  of  condensation  during  expansion  was,  in  the  case  of  the 
"  Fusi  Yama"  29*2  —  16-9  =  12-3  per  cent.,  and  in  the  case  of  the 
"Colchester"  47*3  —  28  =  19*3  per  cent.  The  greater  part  of  this  was 
probably  due  to  liquefaction  and  not  condensation.  If,  as  Mr.  Hall- 
Brown  maintained,  initial  condensation  is  such  an  important  question 
when  comparing  the  economy  of  the  compound  and  triple  expansion 
engine,  why  was  it  that  the  "  Fusi  Yama,"  with  an  initial  c&ndensation  of 
only  16*9  per  cent.,  was  less  economical  than  the  "Meteor,"  with  its  initial 
condensation  of  considerably  over  23  per  cent.  ?  and  why  was  the  "  Col- 
chester," with  an  initial  condensation  of  28  per  cent,  nearly  as  economical 
as  the  "Fusi  Yama,"  with  only  16*9  per  cent.? 

As  regards  the  style  of  engine,  the  arrangement  proposed  was  to  put 
each  cylinder  directly  over  its  crank.  Each  cylinder  supported  at  the  back 
by  a  cast  iron  column,  and  at  the  front  by  a  wrought  iron  column.  The 
eight  valves  would  be  at  the  back  of  the  engine,  over  the  condenser,  and 
worked  by  two  rocking  shafts  running  on  the  top  of  the  condenser.  The 
two  sets  of  valve  gear  (each  set  working  its  own  rocking  shaft)  would  be 
together  in  the  centre  of  the  engine,  thus  dispensing  with  a  reversing  shaft. 
As  regards  the  diagram  for  estimating  the  cylinder  ratios,  it  was  merely 
intended  to  give  some  idea  of  what  the  cyb'nder  ratios  would  be.  Of 
course,  before  finally  fixing  the  ratios  in  an  actual  engine,  the  effect  of 
not  only  clearance  spaces,  but  also  of  cylinder  condensation,  speed  of 
steam  through  ports,  capacity  of  receivers,  etc.,  would  require  to  be  care- 
fully estimated. 

Mr.  T.  Westgarth  had  misunderstood  the  proposed  arrangement  of 
cranks.  No.  1  crank  is  at  right  angles  to  No.  2  crank.  No.  3  crank  is 
opposite  No.  1,  aiid  No.  4  is  opposite  No.  2.  As  pointed  out  by  Mr. 
Patterson,  the  motion  of  the  four-crank  engine  is  just  as  smooth  as  the 
three-crank  engine,  the  reason  being  that  the  crank  shaft  as  a  whole  is 
balanced  in  any  position.  The  reason  why  the  furnace  of  the  boiler 
illustrated  in  the  paper  was  enclosed  in  a  casing  was  to  avoid  putting  the 
most  important  part  of  the  structure,  viz.,  the  shell,  in  contact  with  the 
furnace  gases,  as  the  stresses,  caused  by  unequal  temperature,  of  different 
portions  of  the  shell  would  probably  be  very  severe.  Mr.  Westgarth's 
remarks  on  the  anticipated  trouble  with  the  tube  plates  will  be  treated 
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when  replying  to  Mr.  Patterson.  As  suggested  by  Mr.  Spear,  some  of 
the  trouble  may  have  been  caused  by  bad  workmanship.  From  Mr.  West- 
garth's  remarks  it  would  seem  that  some  of  the  boilers  had  fire-brick  com- 
bustion chamber  hacks.  This,  of  course,  would  be  certain  to  give  trouble, 
as  similar  trouble  has  occurred  in  cases  of  ordinary  double-ended  boilers, 
when  the  fire-brick  division  between  the  two  opposite  furnaces  has  been 
carried  too  high. 

In  reply  to  Mr.  Thompson,  the  propeller  question  had  not  been 
touched  upon  in  the  paper,  as  it  was  discussed  last  session  in  Mr.  Hall- 
Brown's  paper  on  "  High  Speed  Engines  for  Cargo  Boats."  Regarding 
his  question  of  the  cranks,  this  had  been  referred  to  in  the  reply  to  Mr. 
Westgarth. 

Mr.  Fothergill  maintained  that  the  heating  surface  of  the  boiler 
illustrated  in  the  paper  will  not  be  efficient,  as  none  of  it  is  exposed  to  the 
radiant  heat  of  the  furnace. 

The  result  of  the  experiments  carried  out  by  Messrs.  Graham  and 
others  have  no  bearing  on  Mr.  Fothergill's  argument.  For  instance,  the 
experiments  with  the  four  tanks  simply  show  that  the  heating  surface  of 
the  first  tank  was  most  efficient,  simply  becaase  the  temperature  of  the 
gases  was  highest  at  that  point,  the  efficiency  of  heating  surface  being 
proportional  to  some  function  of  the  difference  of  temperature  between 
the  gases  and  the  water. 

The  President's  question  as  to  what  would  have  resulted  if  the  first 
tank  had  been  removed  was  very  pertinent.  Mr.  Fothergill  was  of  opinion 
that  if  the  first  tank  had  been  removed  the  second  tank  would  have  shown 
an  increase  of  efficiency,  but  would  not  have  reached  the  efficiency  of  the 
first  tank;  but  there  are  no  grounds  for  this  assumption.  Let  it  be 
granted,  however,  that  the  tube  surface  of  the  proposed  boiler  will  not  be 
as  efficient  as  the  surface  it  replaces.  The  heating  surface  of  the  furnaces 
and  combustion  chambers  of  the  present  type  boiler,  13  feet  6  inches 
diameter  by  16  feet  long,  would  be  about  350  square  feet.  Suppose  this 
surface  to  be  60  per  cent,  more  efficient  than  the  tube  surface  in  the  pro- 
posed boiler.  Then  extra  surface  to  be  provided  =  350  square  feet  =  65 
tubes,  which  would  increase  the  diameter  of  the  boiler  proposed  from 
10  feet  6  inches  to  11  feet  8  inches.  In  advocating  forced  draught  the 
intention  was  to  burn  the  same  quantity  of  coal  per  square  foot  of  heating 
surface  as  in  the  present  type  boiler  with  natural  draught,  aud  also  to 
design  the  furnace  to  act  more  as  a  gas  producer,  which  result  is  more 
easily  obtained  by  the  use  of  forced  draught. 

Mr.  J.  M.  Allan  said  there  were  many  instances  of  cylinders  of  nearly 
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100  inches  diameter  running  at  over  100  revolutions.  This  may  quite 
easily  be  the  case.  In  the  first  place,  the  weight  of  the  moving  parts  per 
square  inch  of  piston  in  a  cylinder  of  100  inches  diameter  would  be 
(initial  pressure  and  stroke  being  the  same)  less  than  the  weight  of  the 
parts  for  a  71  inch  cylinder.  The  limit  of  speed  depended  upon  revolu- 
tions, stroke,  and  weight  of  moving  parts.  If  the  weight  of  tl^e  moving 
parts  were  nil  the  revolutions  could  be  infinite.  Mr.  Allan  then  said 
that  at  the  end  of  the  stroke  only  the  dead-weight  of  the  parts  had  to  be 
Overcome,  as  the  motion  at  that  point  was  niL  This,  of  courae,  is  a  mis- 
take ;  and  it  is  precisely  because  the  velocity  of  the  moving  parts  varies 
fi:om  nil  at  the  end  of  the  stroke,  to  a  velocity  of  about  1^  times  that  of 
the  crank  pin,  at  the  middle  of  the  stroke,  that  the  pi*essure  required  at 
the  end  of  the  stroke  to  bring  the  parts  to  rest  is  14  lbs.  per  square  inch 
of  piston,  and  not  7  lbs.  as  supposed  by  Mr.  Allan.  The  only  assumption 
made  in  the  calculations  is  that  the  angular  velocity  of  the  crank  pin  is 
coiistant. 

The  work  done  during  the  first  half  of  the  stroke  in  accelerating  the 
velocity  of  the  moving  parts  from  nil  up  to  a  velocity  equal  to  1:^  times 
that  of  the  crank  pin,  is,  of  course,  given  out  again  during  the  second 
half  of  the  stroke,  and  this  work  is  done  in  the  case  considered  by  a  force 
varying  from  nil  at  the  middle  of  the  stroke  to  14  lbs.  per  square  inch  of 
piston  at  the  end  of  the  stroke.  If  this  force  is  not  balanced  by  admit- 
ting steam  behind  the  piston,  then  the  work  will  be  done  in  straining  the 
moving  parts  themselves. 

Lieut.-Col.  English  pointed  to  the  results  of  trials  on  the  efficiency  of 
the  steam  jacket,  notably  those  carried  out  by  the  Institute  of  Mechanical 
Engineers.  Can  Col.  English  point  out  any  trials  on  the  steam  jacket 
where  the  amount  of  water  suspended  in  the  steam  has  been  actually 
measured  ?  If  this  measurement  is  omitted,  trials  on  the  relative 
economy  of  steam  jackets  are  quite  valueless,  especially  as  the  "  economy" 
is  generally  expressed  in  terms  of  water  per  horse-power.  It  is  scarcely 
necessary  to  remind  Col.  English  that  some  trials  show  no  economy,  and 
some  a  loss  from  the  use  of  the  steam  jacket.  The  causes  of  "  priming  " 
are,  to  say  the  least,  obscure,  and  a  good  instance  of  the  results  of 
priming  in  vitiating  trial  results  occurred  in  the  case  of  the  Mechanical 
Engineers'  trial  of  the  "Tartar."  Fortunately,  a  complete  analysis  of  the 
chimney  gases  was  made,  otherwise  it  could  not  have  been  proved  that 
any  priming  had  taken  place.  Taking  the  case  assumed  in  the  paper, 
of  the  jacketed  and  unjacketed  cylinders,  it  was  intended  to  assume 
that  the  heat  distribution  would  be  the  same  for  each  stroke.    Now, 
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Col.  English  said  that  supposing  the  100  thermal  units  were  put  into 
the  jacket,  the  initial  condensation  being  thus  prevented,  and  the 
surfaces  being  of  course  raised  to  the  temperature  of  the  entering  steam, 
that  this  effect  might  last  for  several  strokes,  from  which  it  would  be 
inferred  that  Col.  English's  theory  of  the  steam  jacket  economy  is,  that 
it  keeps  the  cylinder  walls  dry,  and  that  a  small  quantity  of  heat  from 
the  jacket  will  do  this,  i.e,,  a  small  quantity  of  heat  transmitted  through 
the  cylinder  walls  heats  up  the  surfaces  to  the  same  temperature,  as  a 
much  larger  quantity  of  heat  given  directly  to  that  surface  will  do.  In 
the  first  place,  the  surfaces  exposed  to  initial  condensation  must  be 
brought  to  the  same  temperature  whether  a  jacket  is  used  or  not,  and 
this  temperature  must  be  equal  to,  or  greater  than,  that  of  the  entering 
steam,  for  if  they  were  not  brought  to  this  temperature  the  piston  would 
not  move,  as  molecular  motion  will  take  place  before  motion  of  the  mass. 
The  molecules  of  steam  on  first  entering  a  cold  cylinder  give  up  their 
motion,  first  to  the  cold  surfaces,  and  produce  heat  motion  in  them. 
After  the  surfaces  have  been  raised  to  the  temperature  of  the  entering 
steam,  and  thus  no  more  heat  motion  can  be  given  them,  motion  of 
the  mass  (t.^.,  the  piston)  can  take  place.  Thus,  if  the  temperature  of  the 
surfaces  is  below  the  temperature  of  the  entering  steam  no  motion  of 
the  piston  can  take  place.  It  would  be  analogous  to  trying  to  move  the 
piston  with  a  lever  and  no  fulcinim.  As  soon  as  the  surfaces  reach  the 
temperature  of  tlie  entering  steam  the  fulcrum  is  supplied. 

The  next  question  is,  how  can  the  dryness  or  wetness  of  these  surfaces 
aft'ect  the  amoimt  of  heat  necessary  to  bring  them  to  initial  temperature  ? 
Suppose  that,  at  the  beginning  of  the  stroke,  the  surfaces  are  covered  with 
a  film  of  water  at  the  lower  temperature.  The  entering  steam  will  raise 
this  water  to  its  own  temperature,  and  then  heat  will  be  transmitted 
through  the  film  to  the  metal  underneath.  If  the  surfaces  are  dry  a  film 
will  at  once  form  and  heat  be  transmitted  as  before. 

Thus  the  amount  of  initial  condensation  should  be  the  same  in  both 
these  cases,  except  that  in  the  first  case  an  extra  amount  of  heat  will 
be  supplied  to  heat  the  film  of  water  assumed  to  be  left  from  the 
last  stroke.  Going  back  again  to  the  case  supposed  by  Colonel  English 
— viz.,  that  100  thermal  units  put  in  the  jacket  have  prevented  con- 
densation, the  surfaces  being  therefore  raised  to  the  temperature  of  the 
entering  steam — what  happens  when  the  temperature  of  the  steam 
falls  by  expansion?  If  there  is  to  be  an  economy  with  the  jacket 
arrangement  the  heated  surfaces  must  not  give  up  as  much  heat  to 
the  steam  as  the  same  surfaces  at  the  same  temperature  would  give  up  if 
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the  cylinder  had  been  unjacketed  and  the  condensation  had  taken  place 
on  the  snrfaces  themselves.  Now  if  hot  steam  gives  np  its  heat  so  readily 
and  so  quickly  to  cold  metal  it  would  appear  reasonable  to  snppose  that 
hot  metal  would  give  np  its  heat  just  as  readily  and  just  as  qnickly  to 
cold  steam,  for  if  it  did  not  it  wonld  follow  that  the  layers  of  steam  next 
the  snrfaces  would  be  at  a  higher  temperature  than  the  body  of  the  steam, 
that  is  to  say,  the  pressure  in  the  middle  of  the  working  steam  would  be 
less  than  the  pressure  at  the  surfaces.  This  is,  of  course,  conceivable  if 
the  cylinder  was  sufl&ciently  large  and  the  revolutions  sufficiently  high ; 
but  in  all  cases  occurring  in  practice  it  would  appear  reasonable  to 
assume  that  the  temperature  of  the  working  steam  is  practically  the  same 
throughout  its  mass.  Now,  if  this  is  so  the  whole  of  the  100  thermal  units 
given  to  the  surfaces  by  the  jacket  will  be  given  back  to  the  steam  either 
during  the  period  of  expansion  or  of  exhaust,  or  of  both,  and  the  quantity 
of  heat  required  to  again  bring  the  surfaces  to  the  temperature  of  initial 
steam  would  be  as  before,  100  thermal  units,  in  which  case  no  economy 
would  result  from  the  use  of  the  jacket.  Now,  it  might  be  aaked,  is  it 
possible  for  the  working  steam,  under  the  assumed  conditions,  to  absorb 
these  100  thermal  units  ?  First  of  all,  it  can  take  up  the  heat  necessary 
to  prevent  liquefaction,  but  after  that  any  other  heat  received  will  super- 
heat the  steam.  Now,  if  superheated  steam  does  not  readily  take  up  heat, 
then  the  jacket  should,  under  the  assumed  conditions,  eflTect  an  economy. 
Suppose,  for  example,  that  26  thermal  units  were  required  to  prevent 
liquefaction,  and  that,  owing  to  the  steam  being  superheated,  it  only  took 
from  the  walls  60  thermal  units ;  then  for  the  next  stroke  only  76  thermal 
units  would  be  required  to  bring  the  surfaces  to  the  temperature  of  the 
initial  steam,  and  the  resultant  economy  would  be  26  per  cent.  In  the 
case  of  the  non-jacketed  cylinder,  100  thermal  units  stored  in  the  walls 
would  first  prevent  liquefaction  and  then  re-evaporate  the  condensed 
water. 

Taking  these  points  into  consideration,  the  statement  in  the  paper  as 
to  the  value  of  jackets  should  be  modified  to  this,  "  that,  under  the  condi- 
tions usually  obtaining  in  marine  engines,  steam  jackets  are  of  no  value 
economically."  Of  course,  the  case  just  considered  is  purely  hypo- 
thetical. It  assumes  that  a  jacket  can  entirely  prevent  initial 
condensation,  that  it  is  only  acting  during  the  period  of  admission,  and 
tiiat  the  quantity  of  heat  received  by  the  walls  is  not  the  same  for  every 
stroke. 

Now,  in  the  first  place,  it  does  not  appear  possible  in  a  marine  engine 
to  entirely  prevent  initial  condensation  by  steam  jacketing,  so  that  the 
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condition  of  the  working  steam  after  cut-oflP  will  be  practically  the  same, 
as  regards  its  power  of  absorbing  heat  from  the  walls,  whether  a  jacket  is 
used  or  not. 

In  the  case  of  the  S.S.  "  Tartar,"  alluded  to  before,  the  total  amount  of 
steam  condensed  in  the  intermediate  and  low  pressure  steam  jacketB, 
under  the  very  favourable  conditions  for  transmission  of  heat  from  the 
jackets,  was  4  per  cent,  of  the  total  feed. 

In  the  "  Meteor,"  the  least  initial  condensation,  including  jacket  con- 
densation, reached  19*8  per  cent.;  so  that  the  initial  condensation  might 
have  been,  say  24  per  cent,  without  a  jacket.  An  increase  of  wetness  from 
20  to  24  per  cent,  could  not  appreciably  increase  the  heat  absorbing 
power  of  the  steam,  in  which  case  the  amount  of  heat  given  up  by  the 
cylinder  walls,  after  cut-oflT,  would  be  the  same  whether  a  jacket  were 
used  or  not,  and  therefore  the  amount  of  heat  to  be  supplied  for  the  next 
stroke  would  be  the  same  in  both  cases,  and  hence  no  economy  would 
result  from  the  use  of  the  jacket. 

The  second  assumption  was  that  the  jacket  was  acting  only  during 
the  period  of  admission.  Of  course  the  jacket  was  acting  during  the  whole 
double  stroke ;  but  this  does  not  directly  affect  the  argument  when 
comparing  the  two  systems ;  but  a  question  arises  here  which  ought  to 
be  considered.  The  heat  utilised  in  any  cylinder  is  the  difference  between 
the  heat  received  and  the  heat  rejected,  heat  being  received  during  the 
time  piston  is  doing  external  work,  and  rejected  during  the  time  piston 
is  doing  work  on  the  steam.  Now,  it  might  happen,  and  probably  often  does 
happen,  that  a  steam  jacket  transmits  heat  to  the  working  steam  during 
the  exhaust  period,  and  all  heat  thus  transmitted  ife  lost,  as  far  as  con- 
cerns the  cylinder  under  consideration,  as  it  comes  under  the  head  of 
heat  rejected.  If  this  takes  place  in  any  cylinder  except  the  low  pressure 
the  only  loss  is  that  due  to  the  loss  of  eflBciency  when  the  heat  thus  given 
up  is  degmded  from  the  higher  temperature  of  the  jacket  to  the  lower 
temperature  of  the  exhaust  steam  ;  but  in  the  case  of  the  low  pressure 
cylinder  the  heat  thus  transmitted  would  be  entirely  lost. 

The  third  assumption  was  that  the  quantity  of  heat  received  by 
the  walls  was  not  the  same  for  each  stroke.  This  also  does  not 
affect  the  argument  when  comparing  the  two  cases.  It  is  probable 
that  after  the  engine  has  made  a  few  strokes  the  whole  body 
of  the  metal  of  the  cylinder,  etc.,  will  reach  a  certain  temperature 
which  will  remain  constant,  and  that  the  heat  transferred  to  and 
from  the  working  steam  will  only  affect  an  extremely  thin  layer  of 
metal.      Then  if  the  workinj?   steam   remains   in   the   same  condition 
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the  amount  of  heat  given  up  by  the  walls  after  the  point  of  eut- 
oflP  will  be  the  same  for  each  stroke,  and  consequently  the  amount  of  heat 
given  to  the  walls  during  admission  will  be  the  same  for  each  stroke. 
If  the  heat  distribution  was  to  vary  for  diflPerent  strokes  it  would  be 
shown  on  the  indicator  cards  and  in  the  working  of  the  engine,  which 
is  not  the  case. 

To  sum  up,  then,  the  loss  due  to  initial  condensation  is  measured  by 
the  amount  of  heat  given  up  by  the  cylinder  walls  during  the  period  of 
expansion  and  of  exhaust.  If  a  steam  jacket  can  so  modify  the  condition 
of  the  working  steam  as  to  render  it  less  capable  of  absorbing  heat  from 
the  cylinder  walls,  then  an  economy  should  result ;  but  as  under  the  con- 
ditions obtaining  in  a  marine  engine  this  does  not  appear  to  be  possible, 
nothing  can  be  gained  by  adopting  a  jacket,  which  in  particular  cases 
(».«.,  when  applied  to  the  low  pressure  cylinder  and  transmitting  beat  to 
the  working  steam  during  the  period  of  exhaust)  may  be  a  cause  of  loss. 
The  loss  from  jacketing  the  receivers  might  be  emphasised  here.  Many 
triple  expansion  engines  are  now  arranged  with  the  intermediate  steam 
chest  surrounding  the  high  pressure  steam  chest,  that  is,  steam  of  boiler 
pressure  is  giving  up  heat  to  steam  of  considerably  lower  pressure,  the  loss 
being  measured  by  the  difference  of  efficiency  of  steam  at  the  two  pres- 
sures. It  might,  however,  be  argued  that  oa  the  steam  in  the  receiver  is 
in  this  manner  dried  that  it  will  not  be  able  to  absorb  so  much  heat  from 
the  cylinder  walls  after  it  is  cut  off  in  the  next  cylinder,  and  that  thus 
the  loss  from  initial  condensation  will  not  be  so  great  in  that  cylinder ; 
but  this  does  not  appear  probable  under  ordinary  conditions.  As  regards 
Col.  English's  remarks  on  the  effect  of  piston  speed,  there  was  no  argument 
in  the  paper  maintaining  that  reduced  condensation  would  be  obtained  by 
an  increase  of  piston  speed  per  se.  Initial  condensation  should  depend 
upon  at  least  three  factors,  viz.,  amount  of  surface  exposed,  weight  of 
steam  exposed  to  that  surface,  and  temperature  range  of  that  surface; 
and  it  was  assumed  to  be  evident  that  if  the  weight  of  steam  exposed  to 
the  above  surface  with  the  above  temperature  range  for  unit  time  were 
doubled,  that,  although  the  same  amount  of  steam  might  be  condensed, 
yet  the  proportion  of  steam  condensed  to  gross  steam  used  would  be  con- 
siderably less.  The  expression  "piston  speed"  was  used  because  the 
weight  of  steam  exposed  to  a  given  surface  per  unit  time  can  be  increased 
either  by  increasing  the  stroke  or  by  increasing  the  revolutions  of  a  given 
cylinder,  the  gain,  of  course,  being  much  more  apparent  in  the  case  of 
increased  revolutions. 

Mr.  Buckland  said  that  the  lour-crank  four-cylinder  engine  advocated 
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in  the  paper  would  occupy  more  space  than  the  present  three-crank  triple. 
This  is  not  so,  as  the  rcToIutions  have  been  considerably  increased,  and 
the  cylinders  thus  decreased.  The  space  occupied  would  probably  be 
about  the  same  for  both  examples.  Referring  to  the  boiler,  Mr.  BucUand 
said  that  the  first  1^  or  2  feet  of  tube  surface  from  the  combustion 
chamber  end  is  equal  to  all  the  rest  of  the  tube  surface  put  together  in 
point  of  efficiency.  Now,  the  heating  surface  of  the  first  2  feet  of  the 
tubes  in  the  boiler  shown  in  the  paper  is  948  square  feet,  whereas  the 
heating  surface  of  the  first  2  feet  of  the  tubes  of  a  boiler  of  the  present 
type,  18  feet  6  inches  diameter,  is  only  790  square  feet,  so  that  the 
'*  efficient ''  surface  is  20  per  cent,  greater  in  the  case  of  the  boiler  de- 
scribed in  the  paper,  a  glance  at  the  drawing  of  which  would  have  shown 
that  the  shell  plates  are  not  exposed  to  the  fire.  Mr.  Buckland  said  that 
the  sphere  is  the  strongest  body  known.  This  is  quite  true,  a  sphere  being 
twice  as  strong  as  a  cylinder  of  the  same  diameter.  It  is,  however,  more 
than  twice  as  difficult  to  manufacture. 

Mr.  Patterson  said  that  the  tube  heating  surface  of  the  boiler 
shown  in  the  paper  would  be  just  as  efficient  as  the  fire-box  surface  of  an 
ordinary  boiler,  and  that  this  very  &ct  would  make  it  an  impracticable 
boiler. 

The  boiler  had  been  severely  criticised  by  most  of  the  speakers,  bat 
no  one  had  pointed  out  that  the  tube  plate  of  the  boiler  shown  in  the 
drawing  was  unduly  pressed.  As  a  matter  of  fact,  it  was  nob  pressed  to 
nearly  tlic  same  extent  as  some  tube  plates  in  boilers  fitted  with  forced 
draught,  and  working  quite  satisfactorily.  Although  forced  draught  had 
Ixifjn  advocated  for  this  design,  it  was  not  intended  to  bum  more  coal 
\i(tT  square  foot  of  surface  than  under  ordinary  natural  draught  conditions. 

The  cause  of  leakage  at  the  joint  of  the  tube  plate  with  the  furnace 
and  at  the  tube  ends  had  been  ascribed  to  various  causes. 

'J'he  President  (Mr.  Wigham  Richardson),  speaking  of  some  cases 
wliich  liafl  come  under  his  notice,  thought  the  trouble  might  be  caused 
by  the  tulxj  plates  Ixiing  rigidly  held  at  the  circumference.  This  might 
U;  the  case  if  the  tulje  plate  wa«  severely  overheated,  but  the  greatest 
xwuuUiT  of  failures  had  occurred  with  tube  plates  comparatively  free 
at  their  edges. 

J-rf^akage  might  also  be  caused  by  the  expansion  and  contraction  of  the 
fuma<;e.  Whenever  the  doore  are  opened  for  firing  a  rush  of  cold  air 
will  enter  the  furnace,  which  will  be  thereby  cooled,  and  will  consequently 
contract.  By  the  time  this  air  arrives  in  the  combustion  chamber  it  will 
be  heated,  and  so  will  not  cause  the  lower  row  of  tubes  to  contract 


INCREASED  PISTON  SPEED  FOR  MARINE  ENGINES.  161 

to  the  same  extent  as  the  farnace.  The  cooling  of  the  furnace  will, 
of  conrse,  be  much  more  marked  when  asing  forced  draught  on  the 
dosed  stokehold  system.  To  show  that  this  contraction  is  not  a 
negligible  quantity,  take  a  farnace,  say  6  feet  long,  and  suppose  that 
5  feet  of  it  is  cooled  down  from  the  temperature  of  the  water  in  the 
boiler  to  the  temperature  of  the  air  entering  the  furnace — 1.6.,  from  860 
deg.  Fah.  to  60  deg.  Fah. 

Contraction  =  800  x  60  x  -0000007  =  J  in  about 
This  alternate  contraction  and  expansion  x^ccurring  every  time  the  fire 
doors  are  opened  must  be  taken  up  in  the  furnace  itself  if  it  be  corrugated 
or  in  the  radius  joining  the  fiiruace  to  the  tube  plate.  There  can  be  no 
doubt  that  it  is  this  expansion  and  contraction  of  the  farnace  which  first 
starts  the  tube  plate  joint  and  the  tube  ends.  It  is  very  clear  that  this 
was  the  cause  of  the  trouble  experienced  in  the  boilers  referred  to  by 
Messrs.  Spear  and  Carson. 

Mr.  Spear  noted  that  in  the  boilers  of  the  "  Tasso  "  and  "  Sea  Horse  " 
the  furnaces  were  flanged  to  the  tube  plate  with  a  small  radius,  and  that 
the  tubes  were  close  to  the  furnace  tops.  Under  these  conditions  it  was 
only  natural  that  it  should  be  impossible  to  keep  the  back  ends  in  order. 
Mr.  Carson's  method  of  minimising  the  leakage  was  most  instructive. 
He  took  care  to  open  only  one  fire  door  at  a  time  when  firing,  and  when 
standing  by  he  put  on  the  ashpit  dampers  and  closed  the  funnel  damper, 
instead  of  opening  the  fire  doors ;  that  is  to  say,  he  tried  to  keep  the  furnace 
as  near  one  temperature  as  possible. 

Another  undoubted  cause  of  leakage  at  the  tube  ends  was  due  to  over- 
heating of  the  tube  plates,  owing  to  the  water  being  kept  away  from  the 
plate  either  by  a  film  of  grease  or,  more  often,  by  excessive  evaporation 
from  the  surfaces.  A  combustion  chamber  with  a  fire-brick  back  would 
act  injuriously  in  two  ways.  In  the  first  place,  any  cold  air  coming  into 
the  combustion  chamber  from  the  furnace  when  firing  would  impinge 
upon  the  fire-brick,  and  would  be  thus  raised  to  a  higher  temperature  than 
would  be  the  case  with  an  ordinary  wet  back  combustion  chamber.  The 
consequence  of  this  would  be  that  the  difference  of  contraction  between 
the  furnace  and  the  tubes  would  be  greater  in  the  case  of  the  fire-brick 
back — the  contraction  of  the  fiimace  being,  of  course,  the  same  in  both 
cases.  In  the  second  place,  a  fire-brick  back  would  probably  cause  an 
increased  evaporation  from  the  tube  plate.  The  steam  generated  by, 
say,  the  first  2  inches  of  tube  surface  would  also  have  a  lai'sre  effect  in 
keeping  away  the  water  from  the  tube  plate.  Now,  it  is  a  well-known 
fact   that  boilers  of  the  locomotive  type  can  be  forced  to  a  greater 
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extent  than  boilers  of  the  return  tube  type,  although  the  tube  plate  of 
the  locomotive  boiler  is  exposed  to  direct  radiation  from  the  fire.  The 
natural  conclusion  is,  that  leakage  at  the  back  end  of  the  furnace 
and  at  the  tube  ends  is  due  at  first  to  the  contraction  of  the  furnace 
when  the  fire  doors  are  opened,  the  tube  plate  of  a  locomotive  boiler 
being  attached  to  the  fire-box  sides  only  is,  of  course,  not  exposed  to  a 
similar  stress. 

When  the  leakage  is  once  started  it  will  be  aggravated  by  excessive 
evaporation  from  the  tube  plates,  and  if  the  fires  are  sufficiently  forced 
the  evaporation  may  be  increased  to  such  an  extent  that  the  water  will 
be  kept  away  from  the  plates,  the  result  being  that  they  will  become 
overheated  and  buckle,  leakage  at  the  tube  ends  taking  place,  not 
perhaps,  because  the  plates  are  overheated,  but  because  they  buckle. 

Returning  to  the  boiler  proposed  in  the  paper,  it  will  be  seen  at  once 
that  it  possesses  a  great  advantage  over  the  ordinary  return  tube  boiler, 
viz.,  that  the  tube  plates  are  not  attached  to  any  part  of  the  structure 
exposed  to  alternate  expansion  and  contraction.  The  tubes  themselves 
will  be  kept  at  a  practically  uniform  temperature,  as  the  air  enter- 
ing the  furnace,  when  firing,  will  be  thoroughly  heated  before  it  goes 
through  the  tubes,  so  that  leakage  from  this  cause  will  be  practically 
impossible. 

Mr.  Patterson  thought  that  the  present  type  of  boiler  could  by  degrees 
be  worked  up  for  a  higher  pressure.  If  so,  some  means  must  be  taken  to 
relieve  the  tube  plate  of  the  strains  caused  by  the  furnace.  With  the 
higher  pressure  the  furnaces  must  of  necessity  be  thicker,  and  conse- 
quently stiffer  longitudinally,  thus  throwing  an  increased  strain  on  the 
tube  plate. 

The  other  point  to  be  considered  in  the  design  of  boiler  proposed  in 
the  paper  is,  whether  the  evaporation  from  the  tube  plates  will  be  exces- 
sive and  likely  to  cause  trouble. 

To  make  the  comparison  between  the  two  types  it  will  be  assumed 
that,  in  the  present  type  boiler,  the  amount  of  "direct"  heating  surface 
is  equal  to  half  the  heating  surface  of  the  furnace,  the  heating  surface  of 
the  flame  box,  sides,  and  top,  heating  surface  of  the  back  tube  plate,  and 
of  the  first  2  inches  of  the  tubes.  This  surface  in  a  boiler  13  feet  6  inches 
diameter  x  16  feet  long  =  368  square  feet  about.  The  "direct'*  heating 
surface  in  the  proposed  boiler  is  equal  to  that  of  the  back  tube  plate,  and 
the  first  2  inches  of  the  tubes=160  square  feet  about.  On  an  actual  trial 
of  a  present  type  boiler  of  the  above  dimensions,  under  ordinary  natural 
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draught  conditions,  the  amount  of  coal  burnt  was  about  2,270  lbs.  per  hour. 

2  270 
Hence  ooal  per  square  foot  of  "direct"  heating  surface  =    *        =  6*1  lbs. 

868 

The  coal  to  be  burnt  per  hour  in  the  proposed  boiler  would  probably  not 

exceed  1,000  lbs.  per  hour  under  ordinary  economical  conditions.    Hence 

coal  per  square  foot  of  "direct"  heating  surface  =   '       =  6*2  lbs. 

This  calculation  assumes  that  the  flame  box,  sides,  and  top  of  the 
present  type  boiler  evaporate  as  much  per  square  foot  of  surface  as  the 
tube  plates,  which,  as  pointed  out  by  Mr.  Marshall,  is  not  the  case;  so 
that  the  above  comparison  is  scarcely  fair  to  the  proposed  boiler. 

To  sum  up,  Mr.  Patterson  and  several  of  the  other  speakers  maintained 
that  the  proposed  boiler  would  fail  from  leakage  at  the  tube  plates.  They 
assumed  that  leakage  at  the  tube  plates  in  the  present  type  boiler  was  caused 
solely  by  excessive  evaporation,  whereas  it  appears  quite  plain  that  leak- 
age is  due  to  two  causes: — First  and  foremost,  to  the  alternate  expansion 
and  contraction  of  the  furnace  ;  and  secondly,  to  buckling  of  the  tube 
plate  caused  by  overheating,  due  to  excessive  evaporation. 

The  proposed  boiler  is  entirely  free  from  the  first  defect;  and,  as 
pointed  out,  the  evaporation  from  the  tube  plate  under  ordinary  condi- 
tions would  not  be  such  as  to  cause  the  slightest  trouble. 

If  for  special  reasons  it  were  required  to  burn  an  abnormal  amount  of 
ooal  per  square  foot  of  heating  surfece,  and  if  it  were  anticipated  that  an 
excessive  evaporation  would  take  place  from  the  tube  plates,  the  remedy 
is  obvious — viz.,  to  increase  the  diameter  of  the  boiler,  and  decrease  the 
length,  thus  obtaining  the  requisite  amount  of  tube  plate  heating  surface. 

Mr.  Kilvington  asked  why,  when  discussing  the  relative  efl&ciency  of 
steam  of  100  lbs.  pressure  and  steam  of  150  lbs.  pressure,  the  terminal 
pressures  were  taken  as  8  lbs.  and  6  lbs.  respectively  ?  These  pressures 
were  taken  because  they  are  the  average  terminal  pressures  of  compound 
and  triple  expansion  engines,  and  with  quadruple  engines  it  will  pro- 
bably be  advisable  to  run  down  to  6  lbs.  The  relative  economy  could 
also  have  been  calculated  by  means  of  the  ratios  of  expansion,  but  the 
terminal  pressure  method  is  more  convenient.  Of  course  it  might  be 
argued  that  the  terminal  pressure  might  be  determined  by  other  causes 
than  due  to  the  performance  of  work,  such  as  the  drop  between  cylinders, 
but  a  comparison  of  the  expanded  diagrams  of  compound  and  triple 
expansion  engines  will  show  that  the  loss  from  these  causes  is  about  the 
same  in  each  case. 
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Mr.  EilvingtoD  also  asked  why  the  ordinary  thermo-djnamic  formula 
was  not  used — by  which  it  will  be  inferred  that  he  means  Camot's 

formula — 

T  — T 

Efficiency  =  — W-'* 

This  formula  was  not  used,  because  it  is  not  true  when  applied  to  steam 
as  used  in  an  ordinary  steam  engine.  As  Mr.  Kilvington  pointed  out,  the 
increase  of  efficiency  given  by  Carnot's  formula  is  only  about  one-half  of 
that  as  calculated  by  the  method  used  in  the  paper. 

Mr.  Weighton  spoke  of  the  higher  temperature  to  be  dealt  with  in 
the  case  of  steam  of  250  lbs.  pressure.  When  going  from  the  compound 
to  the  triple  the  increase  of  temperature  was  about  30  degs.  Fah.  If  the 
pressure  was  raised  to  250  lbs.,  the  increase  of  temperature  would  be 
about  85  degs.  Fah.  With  the  recent  experience  gained  in  the  case  of 
the  triple  it  ought  to  be  easier  to  rise  from  150  to  250  than  it  was  to  rise 
from  100  to  150.  He  (Mr.  Cummins)  was  very  glad  Mr.  Weighton  had 
supported  his  contention  for  equal  initial  loads.  If  engine  builders 
were  to  send  away  their  engines  with  equal  initial  loads  superintendent 
engineers  would  soon  change  their  ideas. 

Mr.  Weighton  also  called  attention  to  the  tube  surface  of  the  pro- 
posed boiler  and,  like  Mr.  Fothergill,  assumed  that  it  would  be  inefficient, 
which,  of  course,  would  not  be  the  case.  The  tube  surface  of  an  ordinary 
typo  boiler  evaporates  less  water  per  square  foot  of  its  surface,  not 
Ixicanse  it  is  tu])e  surface,  but  because  the  other  surfaces  have  taken  the 
lion's  share  of  the  heat. 

Mr.  Weighton  then  referred  to  Mr.  D.  K.  Clark's  experiments  on  a 
boiler  with  tubes  66  inches  long,  in  which  the  first  6  inches  of  the  tubes 
evaporated  more  than  the  whole  of  the  remaining  60  inches,  and  remarked 
that,  in  the  model  lx)ilers  he  referred  to,  there  was  scarcely  any  evapora- 
tion from  the  tubes  except  near  the  tube  plate.  He  did  not  say  so,  but 
he  conveyed  the  impression  that  the  greater  part  of  the  above  surface 
in  these  cases  could  have  been  dispensed  with. 

Now,  in  the  first  place,  although  the  last  portion  of  the  heating 
surface  does  not  do  so  much  work  as  that  nearer  the  fire,  this  is  no 
argument  for  abolishing  it.  The  low  pressure  cylinder  of  a  triple 
expansion  engine  only  does  about  one-third  of  the  total  work,  but  this  is 
no  reason  for  doing  away  with  it.  In  the  second  place,  the  heating 
surfaces  of  a  boiler  are  much  more  efficient  when  clean.  When  a  boiler 
is  first  started  with  everything  clean,  both  on  the  water  side  and  the  fire 
side,  the  greatest  duty  is  done  by  the  surfaces  nearest  the  fire.     After  a 
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time  these  surfaces  become  dirty,  and  therefore,  less  efficient  and  then 
another  portion  of  the  sur&ce  comes  into  action.  It  is  thus  that  the 
amount  of  water  evaporated  by  a  boiler  does  not  vary  much  under 
different  conditions  of  cleanliness,  and  it  is  this  consideration  which 
should  mainly  determine  the  amount  of  heating  surface  required. 

Mr.  Marshall  referred  to  the  boilers  of  the  "  Royal  Dane."  As  pointed 
out  when  replying  to  Mr.  Patterson,  the  trouble  was  probably  due  to  the 
furnaces  being  attached  to  the  tube  plate,  combined  with  fire-brick  flame 
box  backs. 

In  reply  to  Mr.  Arnison  one  point  might  be  touched  on.  This  is  the 
question  of  tandem  cylinders.  Owing  to  the  increased  facilities  for 
quick  loading  and  discharging  of  cargoes,  the  time  spent  in  port  is  very 
much  less  now  than  formerly,  and  for  this  reason  every  facility  should  be 
given  for  overhauling  and  examination  of  the  engines.  If  only  for  this 
reason  tandem  cylinders  should  not  be  adopted  unless  no  other  arrange- 
ment is  possible. 
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NORTH-EAST  COAST  INSTITUTION  OF  ENGINEERS 

AND  SHIPBUILDERS. 


Seventh  Session,  1890-91. 


PROCEEDINGS. 


FIFTH  GENERAL  MEETING  OP  THE  SESSION.  HELD  IN  THE  NEW  HALL 
OP  THE  LITERARY  AND  PHILOSOPHICAL  SOCIETY,  NEWCASTLE- 
UPON-TYNE,  ON  MONDAY  EVENING,  FEBRUARY  2nd,  1891. 


H.  MACOLL,  Esq.,  Vicb-Pbbsidbvt,  in  thb  Chaib. 


The  Secretary  read  the  minntes  of  the  preceding  General  Meeting, 
held  at  West  Hartlepool,  on  January  10th,  which  were  approved  by  the 
members  present  and  signed  by  the  Vice-President. 

The  ballot  for  new  members  having  been  taken,  the  Vice-President 
appointed  Mr.  Gkorge  Brown  and  Mr.  J.  F.  Walliker  to  examine  the 
voting  papers,  and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 
Barrow,  A.  R.,  Engineer,  Indian  Railways,  Sukkur. 
Edwards,  Gay  Williamson,  Engineer,  Messrs.  Palmer's  Shipbuilding  Company ; 

Byethom,  Corbridge. 
Ellis,  Robert  EUwood,  Shipyard  Manager,  Messrs.  John  Scott  &  Co.,  Abden 

Shipyard,  Einghorn,  N.B.;  Park  Place,  Kinghorn. 
Qnicke,  Herbert  John,  Engineer,  Messrs.  Blaydon  Iron  Works,  Blaydoa-on-Tyne; 

SammerhiU  House,  Blajdon-on-Tyne. 


The  discussion  on  Mr.  Hok's  paper,  on  "The  Unsinkability  of  Cargo- 
Carrying  Vessels,"  was  resumed. — Mr.  Hok  replied. 

The  discussion  on  Mr.  M.  Sandison's  paper,  on  "  Main  Steam  Pipes," 
was  resumed. — Mr.  Sandison  replied. 

A  paper,  written  by  Mr.  A.  Blechynden,  on  "  The  Inifluence  of  the 
Relative  Dimensions  and  Proportions  of  the  Screw  Propeller  on  the 
Vessel's  Performance,"  was  read  by  Mr.  B.  G.  Nichol. 
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ADJOUENED  DISCUSSION  ON  "THE  UNSINKABILITY  OF 

CARGO-CARRYING  VESSELS." 

The  Vice-President  observed  that  it  was  unfortunate  so  many  of 
their  prominent  members  were  unable  to  be  present ;  but  as  there  was  a 
very  full  meeting,  he  hoped  they  would  have  a  good  number  of  speakers. 
They  would  first  resume  the  discussion  on  Mr.  Hok's  paper,  and  he 
would  be  very  glad  to  have  their  views  on  the  subject.  Mr.  Hok  had  put 
in  his  paper  a  few  questions  to  which  he  would  like  to  have  replies  before 
he  submitted  his  second  paper,  which  was  supplementary  to  that  now 
before  the  meeting.  Surely  there  were  a  few  present  who  had  some  ideas 
on  the  subject  of  bulkheads  and  the  unsinkability  of  ships. 

Mr.  J.  Gravell  (of  Bureau  Veritas)  said  that  he  would  like  just  to 
make  a  few  remarks  in  reply  to  Mr.  Phillips's  statement  regarding  a  vessel 
which  he  said  was  refused  by  Lloyd's,  in  consequence  of  the  bulkheads 
not  being  carried  up  high  enough,  and  accepted  by  the  Bureau  Veritas. 
He  (Mr.  Gravell)  wished  to  inform  them  that  the  vessel  referred  to  by 
Mr.  Phillips  had  all  the  bulkheads  carried  up  above  the  load-line. 

MR.  HOK'S  REPLY. 

Mr.  Hok,  in  reply,  said  the  paper  just  discussed  was  written  not  only 
with  a  view  to  showing  that  Lloyd's  subdivison  was  insufficient,  but 
also  that  in  subdividing  ships  not  only  length,  but  draught  and  type, 
fineness,  sheer,  proportions,  etc.,  must  be  taken  into  consideration.  It 
also  invited  criticism  on  the  method  of  calculation,  and,  above  everything, 
invited  the  members  of  this  Institution  to  consider  the  conditions  for  un- 
sinkability laid  down.  This  was  done  with  a  view  to  preparing  the  way 
for  the  paper  he  was  going  to  read  in  April,  and  also  in  order  to  make 
the  I'esults  of  his  investigation  with  regard  to  subdivision,  that  would 
then  be  laid  before  them,  more  acceptable.  This  being  the  purpose  of  the 
paper,  he  would  not  trouble  them  with  his  reply  to  those  gentlemen  that 
considered  proper  subdivision  a  nuisance,  as  such  a  reply  on  his  part 
would  necessarily  cover  some  of  the  ground  he  was  going  to  traverse  in 
his  second  paper.  He  begged  them  to  wait  until  then,  and  expressed  the 
hope  that  they  would  not  take  it  as  discourtesy  on  his  part  not  to  reply 
to  them  that  night.  He  would  therefore  limit  himself  to  replying  to 
those  speakers  who  had  criticised  the  method  of  investigation  and  the 
conditions  for  unsinkability  laid  down. 
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Mr.  Johnson  asked  him  the  question,  what  error  was  involved,  in 
case  of  ships  with  long  holds,  in  assuming  the  moment  of  inertia  of  the 
lost  portion  of  the  water-line  equal  to  nothing  ?  He  had  not  worked  it 
out  for  actual  ships,  but  suppose  they  took  a  rectangular  box  and  cut  off 
a  compartment  in  size  equal  to  one-third  of  the  length  from  either  end 
(and  he  did  not  think  they  would  find  holds  much  longer  than  one-third 
of  the  total  length  of  ship,  nor  commencing  at  the  extreme  end,  which 
made  the  case,  of  course,  worse),  then  he  found  the  error  to  be  2*5  per 
cent,  of  the  additional  draught.  He  thought  he  might  with  safety  put  it 
to  less  than  2  per  cent,  for  a  ship,  but  assuming  2  per  cent,  it  meant, 
with  an  additional  drauglit  forward  say  of  13  feet,  an  error  of  3  inches. 
Say  the  ship's  load  draught  was  25  feet,  and  the  error  in  draught  was  3 
inches  in  38  feet,  which  was  undoubtedly  small.  These  figures  would 
then  show  that  the  assumption  of  putting  the  moment  of  inertia  of  the 
lost  portion  of  the  water-line  equal  to  nothing  was  justified.  If  he  took 
the  hold  of  ordinary  length,  say  one-fifth  of  the  length  of  ship,  the  error 
was  unappreciable,  as  it  would  not  amount  to  one-half  per  cent,  of  the 
additional  draught. 

In  connection  with  this  he  might  as  well  point  out  now  that  the 
mistake  mentioned  by  Mr.  Thomson  was  fortunately  no  mistake.  Mr. 
Thomson  said,  ''in  the  Appendix  he  had  found  one  small  mistake.  In 
stating,  immediately  after  equation  (1),  that  Vi=  v  +  a  {di^  d),  Mr. 
Hok  had  assumed  that  the  mean  draught  di  of  the  ship  represented  the 
depth  of  water  in  the  hold.  Now,  if  the  hold  in  question  was  near  the 
end  of  the  ship  the  depth  of  water  might  be  very  much  greater  than  the 
mean  draught  of  the  ship.  While  pointing  out  the  mistake  he  would  saj 
that  perhaps  it  would  turn  out  to  be  of  little  importance  practically." 
He  thanked  Mr.  Thomson  for  putting  it  so  mildly,  because  he  (Mr. 
Thomson)  knew  as  well  as  he  (Mr.  Hok)  did  that  if  the  mistake  had 
been  a  real  one  it  would  have  been  a  very  serious  one  indeed,  and  have 
affected  the  results  considerably.  Therefore  he  would  try  to  explain  as 
clearly  as  possible  why  it  was  no  mistake.  He  knew  tliat  Mr.  Thomson 
was  experienced  in  this  kind  of  work,  but  also  that  he  had  done  it  in  a 
different  way.  He  started  from  an  arbitrary  inclined  water-line,  and 
then  found  out  by  calculation  whether  the  centre  of  buoyancy  was  verti- 
cally below  the  centre  of  gravity.  In  that  case  he  was  right  in  using  the 
actual  volume  of  water  let  in  to  the  ship,  but  not  so  if  he  started  from  the 
ship  being  on  even  keel  and  found  the  travel  of  the  level  centre  of  buoy- 
ancy by  the  metacentric  method.  Then  he  must  consider  the  volume  of 
the  water  up  to  the  level  draught  di  and  no  further,  because  on  that 
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volume  depended  the  position  of  the  level  centre  of  bnojancy  after  the 
ship  was  immersed  to  the  level  draught  di,  on  which  distance  irom  the 
centre  of  gravity,  on  the  other  hand,  the  trim  afterwards  depended.  Mr. 
Thomson  also  asked  him  if  he  had  made  actual  calculations  and  compared 
them  with  the  results  ^m  these  formulae.  Well,  he  had,  and  found  no 
difference.  It  must  be  stated,  however,  that  he  used  the  metacentric 
method  in  these  calculations  and  had  never  bothered  with  inclined  water- 
lines.  So,  therefore,  he  thought  he  would  ultimately  be  found  right  when 
he  said  that  whenever  the  metacentric  method  of  trimming  ships  was 
considered  correct  enough  these  formulas  were  too.  Besides,  to  use  a 
short  formula,  although  slightly  approximate,  was  always  preferable  to  a 
long  elaborate  calculation.  Finally,  in  calculating  the  chances  of  a  ship 
foundering  or  keeping  afloat  in  a  collison  he  did  not  think  anyone  should 
be  particular  to  an  inch  or  two,  and  for  that  reason  the  metacentric 
method  was  more  than  accurate  for  all  practical  purposes. 

Mr.  McGlashan  spoke  about  the  value  of  double  bottoms.  Of  course, 
he  thought  of  ships  touching  rocks  and  getting  off  again.  In  such  a 
case  the  value  of  the  double  bottom  was  undoubted.  On  the  other 
hand,  in  case  of  two  ships  colliding,  the  double  bottom  was  of  little 
value,  as  it  would  in  nine  cases  out  of  ten  be  damaged  and  lose  its 
buoyancy. 

With  regard  to  Mr.  T.  Phillips,  the  first  part  of  his  contribution, 
or,  rather,  everything  that  had  any  direct  bearing  on  the  paper  was  very 
amusing.  He  said:  '* Several  of  the  assumptions  might  be  avoided 
altogether,  and  something  of  a  more  definite  character  stated.  For 
instance,  if  he  understood  the  paper,  it  seemed  to  him  slightly  out  of 
order  to  assume  that  the  hold  should  be  perfectly  fiill  of  water,  com- 
pletely filling  it  up  to  the  beams,  while  the  ship  would  be  floating  with 
a  considerable  part  of  the  deck  out  of  water,"  It  is  needless  to  say  he 
had  not  assumed  anything  of  the  kind.  No ;  with  regard  to  the  height 
of  water^  he  had  considered  nature's  own  case,  which  was  that  the 
water  surface  remained  stationary,  and  the  ship  after  being  struck  sank 
to  certain  draughts  which  depended  on  the  amount  and  position  of  the 
buoyancy  that  was  re-distributed.  Then,  in  consequence  of  this  seem- 
ingly great  blunder,  which  he  did  not  commit,  Mr.  Phillips  compared 
his  investigation  with  those  of  Messrs.  Barnes  and  Dunn.  In  that 
comparison  Mr.  Phillips  again  favoured  them  with  some  inaccurate 
statements.  For  those  interested  in  the  subject  and  who  would  prefer 
to  judge  for  themselves,  he  might  mention  that  Mr.  Barnes's  paper  was 
to  be  found  in  the  Transactions  of  the  Institution  of  Naval  Architects 
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for  1867,  and  that  of  Mr.  Donn  in  the  Transactions  of  the  same  Insti- 
tution for  1883.  Mr.  Barnes  did  not  treat  the  longitudinal  stability 
or  the  change  of  trim  at  all,  but  contented  himself  with  showing 
the  effect  on  the  transverse  stability  or  on  the  heeling  over  side- 
ways of  a  rectangular  box,  when  compartments  of  different  size  and 
position  were  filled  with  water.  So,  consequently,  there  was  no  need 
for  any  comparison  here  at  all,  as  the  two  papers  did  not  treat  of  the 
same  subjex)t.  Mr.  Dunn's  paper,  on  the  other  hand,  discussed  the 
advisability  of  fitting  more  bulkheads  in  ships,  and  he  proved  the 
necessity  for  increasing  their  number  by  an  experimental  method. 
He  made  two  models  of  an'existing  ship.  One  he  subdivided  according 
to  the  Admiralty  requirements,  the  other  according  to  the  existing 
fashion  in  ordinary  merchant  steamers.  Then  he  let  in.  water  in  the 
different  holds,  and  showed  by  that  means  that  the  ship  subdivided 
according  to  the  Admiralty  requirements  would,  under  many  conditions, 
keep  afloat,  when  the  ordinary  ship  would  founder. 

With  regard  to  the  communication  from  Mr.  Piaud,  he  thought  the 
Institution  as  a  body  should  feel  extremely  obliged  to  that  distinguished 
Frenchman  for  the  great  interest  he  took  in  the  Institution,  and  for  the 
valuable  matter  he  communicated  from  time  to  time.  And  he,  for  one, 
was  sure  that  it  was  far  from  Mr.  Piaud's  intentions  to  disparage  Lloyd's 
as  Mr.  Phillips  suggested.  He  thought,  instead,  that  he  (Mr.  Piaud) 
by  his  communication,  wanted  to  show  that,  on  account  of  the  rules 
for  subdivision  bein^  different  in  the  society  which  he  represented,  it 
would  be  unfair  to  assume  that  the  conclusions  he  (Mr.  Hok)  had  come 
to  with  regard  to  ships  subdivided  according  to  Lloyd's  rules  would 
equally  apply  to  ships  classed  in  Veritas. 

With  reference  to  the  questions  he  had  asked  towards  the  end  of  the 
paper,  he  was  glad  he  had  at  least  got  one  reply,  and  that  was  furnished 
by  Mr.  Thomson.  The  other  speakers  had  wholly  ignored  them.  He 
would  take  their  silence  as  a  sign  that  they  agreed  with  Mr.  Thomson 
and  himself  that  the  conditions  for  unsinkability  were  not  out  of  the 
way,  and  that  the  formulaB  were  correct  enough  for  the  purpose.  With 
regard  to  the  number  of  compartments  that  should  be  bilged  simul- 
taneously, he  did  not  agree  with  them  that  two  compartments  should 
be  opened  out  to  the  sea  in  the  case  of  cargo  vessels,  but  he  bogged  leave 
to  give  his  reasons  for  that  in  his  next  paper. 

In  conclusion,  he  begged  to  thank  them  for  the  kind  way  in  which 
they  had  received  his  paper,  and  especially  to  thank  Mr.  Macoll,  not 
only  for  his  valuable  contribution  to  the  discussion,  but  also  for  the 
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interest  he  had  shown  in  connection  with  this  matter  in  his  practical 
snggestion  of  having  the  paper  discussed  at  Hartlepool,  so  as  to  enable 
him  to  get  some  valuable  information  before  he  o^mmenced  the  prepara- 
tion of  his  second  paper. 

The  Vicb-Prbsidbnt  thought,  if  they  had  not  given  Mr.  Hok  very 
great  assistance  in  his  investigations  so  far,  they,  nevertheless,  appre- 
ciated his  labonrs.  He  hoped  the  next  time  the  subject  was  brought 
before  them  members  would  be  prepai'ed  to  ventilate  their  opinions  more 
fully  and  freely.  In  the  meantime  he  was  sure  this  meeting  would 
accord  to  Mr.  Hok  a  very  hearty  vote  of  thanks  for  his  labours  in  the 
cause  of  scientific  investigation  and  inci'eased  safety  of  ships  at  sea. 

The  proposal  was  carried  by  acclamation. 


•  I 
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ADJOURNED  DISCUSSION  ON  ''MAIN  STEAM  PIPES." 

Mr.  J.  F.  Wallikbr  said,  in  the  first  place,  that  in  spite  of  all  that 
had  been  adduced  to  the  contrary  he  was  still  a  strong  advocate  for  the 
continued  use  of  copper  pipes.  Mr.  Sandison,  in  his  paper,  had  criticised 
them  and  showed  all  the  dangers  to  which  they  were  liable,  but,  in  his 
view,  it  should  have  been  shown  a  great  deal  more  clearly  where  the 
danger  from  them  really  arose.  No  doubt  most  of  them  were  aware  of 
the  paper  read,  some  couple  of  years  ago,  before  a  kindred  institution,  on 
the  "Elbe"  explosion.  The  drawings  then  produced  showed  that  the  liabili  ty 
to  burst  invariably  took  place  somewhere  near  the  brazing  of  the  flange, 
and  this  was  very  properly  attributed  to  defective  workmanship.  The 
process  was  this :  first,  the  heat  was  applied  for  loading  the  joint,  then 
the  flanges  were  brazed  on,  and  the  explosion  almost  invariably  happened 
through  overheating  in  the  manufacture  at  this  point.  With  copper 
pipes,  of  course,  they  were  entirely  in  the  hands  of  the  coppersmith,  and 
that  was  a  very  great  drawback,  but  he  believed,  with  careful  super- 
vision, even  that  objection  could  be  almost  overcome.  They  had  had 
last  year,  on  the  Tyne,  about  100  ships  turned  out,  and  each  of  these 
would  have,  on  an  average,  three  main  steam  pipes,  and  they  could 
say  with  confidence  that  they  had  never  had  a  complaint  as  to  the  work- 
manship and  material.  As  a  rule,  the  pipes  that  had  gone  away  gave 
every  satisfaction,  and  if  they  took  the  number  in  use  they  would  find 
the  percentage  that  had  failed  very  small  indeed.  Mr.  Sandison  had 
turned  their  attention  to  steel  pipes  as  having  done  so  well  and  given 
no  trouble  whatever.  The  pipes  spoken  of  in  the  paper,  it  should  be 
remembered,  were  made  under  the  strictest  supervision  and  everything 
was  done  to  them  that  experience  and  forethought  could  suggest;  not 
only  were  they  screwed,  but  the  flanges  were  brazed  on  as  well,  and 
they  were  designed  with  a  factor  of  safety  of  40,  so  that  their  immunity 
from  accident  was  what  they  might  expect  from  the  facts  of  the  case. 
He  (Mr.  Walliker)  directed  attention  to  a  sketch  of  a  main  steam  pipe 
which,  he  said,  came  off  the  S.S.  **Mary  Thomas,'*  working  under 
ordinary  conditions  in  a  triple  expansion  engine  of  160  lbs.  pressure. 
(See  Plate  XIX.)  This  vessel  ran  ashore  while  under  full  pressure, 
and  the  boilers  were  lifted  up  something  like  a  foot.  This  pipe  came 
in  contact  with  a  beam  and  was  deflected  in  the  manner  indicated.    The 
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vessel  steamed  home  under  the  fall  pressure,  and  he  thought  that  that 
fa^t  alone  should  give  them  a  very  great  deal  of  confidence  in  the 
pipes  as  at  present  made.  There  was  one  other  matter  that  might  be 
added,  and  that  was  with  regard  to  the  need  or  otherwise  of  annealing 
pipes  after  long  continued  use.  His  own  experience  was  that  this  was 
quite  unnecessary  with  the  old  main  steam  pipes,  which  were  compara- 
tively easily  bent  after  years  of  work,  and  he  could  see  no  necessity, 
until  it  was  absolutely  demonstrated,  of  any  further  trouble  with  those 
working  at  the  higher  pressures^  which,  after  all,  meant  only  about  40  degs. 
rise  in  temperature,  to  balance  which  there  was  a  great  increase  in  thick- 
ness of  the  material  used,  and  care  in  testing  after  manu&cture. 

Mr.  Alex.  Tatlob  did  not  know  that  he  had  anything  to  say  upon 
this  iron  steam  pipe  question  except  that  he  still  firmly  believed  in  iron 
steam  pipes,  and  although  he  had  not  pressed  the  question  for  many  years 
now  upon  builders,  it  was  because  he  had  so  great  a  difficulty  in  getting 
them  to  take  the  question  up  and  give  iron  pipes  a  trial.  So  far  as 
practical  utility  was  concerned,  he  thought  the  samples  Mr.  Sandison 
showed  the  other  night  were  quite  enough  to  prove  that  iron  pipes  were 
reliable  and  that  they  did  not  deteriorate  much.  He  thought  the  Insti- 
tution ought  to  be  extremely  obliged  to  Sir  William  Armstrong  &  Co.  for 
taking  advantage  of  Messrs.  Fisher,  Renwick,  &  Co.'s  permission  to  take 
the  old  steam  pipe  out  after  running  eight  and  a  half  years  and  do  any- 
thing they  liked  with  it,  provided  they  put  another  in  its  place.  They 
would  quite  understand  that  the  pipe  was  not  taken  out  of  the  ship 
because  it  was  defective ;  it  had  never  given  the  slightest  trouble.  It 
was  taken  out  solely  for  the  purpose  of  experiment. 

The  Vice-President  thought  they  had  the  case  for  the  iron  pipe 
put  very  clearly  and  strongly,  and  it  would  be  very  difficult  to  say  any- 
thing against  it.  It  was  a  pity  that  those  with  different  views  did  not 
rise  to  express  them.     He  had  now  to  call  upon  Mr.  Sandison  to  reply. 

MR.  SANDISON'S  REPLY. 

Mr.  Sandison  said  he  did  not  propose  to  tjike  up  much  of  their  time 
in  replying  to  the  discussion  on  his  paper.  He  must  say  he  was  at  first 
somewhat  surprised  on  examining  the  sample  of  electro-deposited  copper 
introduced  in  the  course  of  the  discussion  at  the  last  meeting  in  New- 
castle. It  appeared  to  him  to  be  a  flagrant  case  of  intermittent  action 
during  the  depositing  process,  and  when  they  considered  that  a  week 
would  be  occupied  in  depositing  a  layer  of  copper  ^  inch  thick,  it  was 
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obvious  that  this  required  to  be  carefally  guarded  agaiust.  Any  tem- 
porary stoppage  of  the  depositing  dynamo  while  the  mandril  was  revolving 
would  infallibly  produce  a  lamination.  He  had  not  thought  it  worth 
while  to  bring  down  again  the  sample  of  wrought  iron  steam  pipe  which 
he  exhibited  at  last  meeting  ;  if  any  member  who  had  not  examined  it 
cared  to  do  so,  he  should  be  glad  to  give  him  an  opportunity.  With 
reference  to  Mr.  Walliker*s  strong  advocacy  of  copper  pipes  as  at  present 
made,  he  thought  that  the  circular  embodied  in  the  paper  served  to  show 
that  his  (Mr.  Walliker's)  colleagues  in  Lloyd's  Registry  still  had  this 
subject  under  consideration.  He  (Mr.  Sandison)  was  not  in  a  position 
to  advocate  one  material  in  preference  to  another.  What  he  looked  for 
was  the  safest  material ;  and  when  solid  drawn  pipes  were  found  to  be 
anything  but  satisfactory,  it  was  necessary  to  look  elsewhere  for  a  substi- 
tute. He  thought  that  a  mild  steel  pipe  would  have  stood  the  same 
amount  of  deflection  and  distortion  that  Mr.  Walliker  had  described  in 
the  case  of  the  S.S.  "  Mary  Thomas."  He  had  to  thank  them  for  the 
reception  they  had  given  to  his  paper.  He  could  only  claim  credit  for 
bringing  the  subject,  which  he  thought  was  in  a  somewhat  unsettled 
state,  before  the  Institution.  On  the  surface  it  did  not  appear  to  be  a 
matter  that  admitted  of  much  discussion,  but  in  view  of  current  events 
he  thought  it  deserved  a  great  deal  more  attention  than  was  usually 
bestowed  upon  it. 

The  Vicb-Peesidbnt  said  there  could  be  very  little  doubt  that 
copper  pipes,  at  the  pressures  they  were  now  keeping  in  marine  boilers,  . 
was  a  very  important  item  indeed,  and  pressures  were  not  Ukely  to 
decrease.  The  manufacture  and  application  of  piping  for  the  convey- 
ance of  high  pressure  steam  was  a  very  important  consideration.  This 
Institution  was  indebted  to  Mr.  Sandison  for  bringing  the  matter  before 
them.  It  was  rather  a  vexed  question  at  the  present,  and  not  at  all  a 
comfortable  matter  for  anyone  in  the  stokehole  or  engine  room  to  con- 
sider the  fearful  amount  of  risk  there  was  resting  upon  one  individual 
in  finishing  up  one  of  those  pipes.  It  was  necessary  that  the  greatest 
amount  of  care  should  be  taken,  and  in  most  cases  was  taken;  still, 
the  accidents  which  had  occurred  went  to  show  that  all  reasonable  pre- 
cautions should  be  adopted  to  secure  safety,  not  only  in  the  manufacture 
but  also  in  the  fitting  of  the  pipes^  so  as  to  give  sufficient  room  for  ex- 
pansion and  ample  -support  to  the  pipes,  and  thus  avoid  undue  strains 
coming  on  the  flanges  and  bends.  It  was  also  imperative  that  the  main 
boilers  should  be  designed  and  worked  so  as  to  avoid  priming  as  much 
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as  possible;  he  believed  the  presence  of  water  in  the  pipes  had  more 
do  with  the  failure  of  steam  pipes  than  was  generally  understood,  and  i 
was  highly  desirous  to  have  pipes  the  strength  and  endurance  of  such 
had  been  described  in  everyday  practice.      He  moved  that  they  acco 
Mr.  Sandison  a  hearty  vote  of  thanks  for  his  paper,  and  hoped  it  woul 
not  be  his  last  upon  kindred  subjects. 

The  vote  of  thanks  was  cordially  adopted. 


SCREW  PROPELLER.  179 


SCREW  PROPELLER:  THE  INFLUENCE  OF  THE  RELA- 
TIVE DIMENSIONS  AND  PROPORTIONS  OF  THE  SCREW 
PROPELLER  ON  THE  VESSEL'S  PERFORMANCE. 


By  a.  BLECHYNDEN. 


[Rbad  bbvobb  thb  Institution  in  Nbwcastlb-on-Tyne,  on  Fbbbuaby  2nd,  1891.] 


When  in  1887  the  writer  presented  a  paper  on  the  screw  propeller 
to  this  Institution  a  desire  was  expressed  that  it  would  be  well  to 
show  the  application  of  the  facts  then  adduced  to  the  designing  of  screws 
for  the  propulsion  of  vessels.  Since  that  date,  want  of  time  has  prevented 
the  writer  presenting  another  contribution  upon  the  subject,  though  the 
experimental  data  have  been  made  the  basis  for  the  construction  of 
diagrams  for  service  in  the  designing  of  screw  propellers  which  have  been 
continuously  used  for  that  purpose  since.  Besides  this,  a  description  of 
the  method  was  written,  and  has  passed  through  the  hands  of  some 
members  ;  but,  though  at  first  intended  for  publication,  it  was  withheld 
because  the  writer  felt  that  some  points  were  left  unnoticed  which  could 
not,  with  wisdom,  be  omitted  in  a  discussion  of  the  subject. 

The  present  paper  while  primarily  intended  to  be  a  discussion  and 
comparison  of  the  trial  data  of  certain  vessels,  and  of  the  relation  of  the 
dimensions  of  the  screws  to  the  sizes  of  the  vessels  they  were  used  to 
propel,  will  also  briefly  refer  to  a  method  of  calculating  the  power  which 
can  be  developed  upon  a  screw  of  given  dimensions,  based  on  the  model 
experiments  with  which  the  former  paper  chiefly  dealt,  and  will  show,  by 
a  series  of  examples,  the  relation  of  the  powers  so  calculated  to  those 
obtained  on  trial. 

As  model  experiments  form  the  groundwork  of  the  method  of  com- 
parison to  be  used,  and  of  the  quantitative  factors  on  which  many  of  the 
calculations  are  based,  it  were  well  at  the  outset  to  state  what,  in  the 
writer's  opinion,  the  value  of  such  data  is. 

Any  screw,  no  matter  what  its  dimensions  may  be,  can  be  regarded 
*  as  a  model,  and  the  data  ohtiiined  from  its  trial  may  serve  to  give  th** 
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qnantitative  factor  by  means  of  which  the  results  obtainable  from  a 
similar  screw,  working  under  similar  conditions,  may  be  calcalated — 
granted  that  tbe  law  of  variation,  with  change  of  dimensions,  has  been 
determined.  There  is  no  absolate  restriction  to  size  in  the  idea  of  a 
model. 

Convenience  and  economy,  however,  rule  that  experimental  models 
should  be  small ;  but  smallness  of  size  of  the  model  is  no  sound  argument 
against  the  value  of  the  results  obtained  from  it,  provided  that  the 
instruments  by  means  of  which  the  measurements  are  made  are  such  that 
their  readings  can  be  taken  with  the  same  degree  of  accuracy  as  the 
measurements  of  speed  and  power  can  be  made  in  the  full-sized  machine. 
In  the  case  of  model  screws  of  over  12  inches  diameter  this  is  certainly 
possible.  Experiments  on  small  models  tried  in  undisturbed  water  also 
offer  the  very  great  advantage  that,  by  their  means  the  effects  of  change 
of  form  or  proportion  can  rapidly  be  studied,  as  they  are  freed  from  the 
concrete  mass  of  variables  involved  in  the  problem  of  a  screw  applied  to 
a  ship,  and  thus  general  conclusions  can  much  more  rapidly  and  certainly 
]ye  arrived  at.  In  passing,  however,  from  one  extreme  of  dimension  to 
another  it  is  necessary  to  give  due  consideration  to  the  possibility  of  the 
resalts  varying  otherwise  than  in  accordance  with  some  preconceived 
hypothesis,  and  to  reckon  on  tbe  possibility  of  similar  allowances  as  have 
to  })c  made  in  passing  from  the  resistance  of  the  model  of  a  ship  to  that 
of  the  Rhip  itself  being  necessary. 

In  this  connection  it  is  safe  to  say  that  without  models  tried  in  still 
waU;r  it  would  have  been  impossible  to  have  determined,  with  anything 
liko  approximate  accuracy,  the  efficiencies  of,  and  the  relative  powers 
w}iif;h  can  l)o  developed  on  screws  of  different  pitch  and  surface  ratios. 

Ah  to  the  conditions  of  model  trials,  it  appeal's  a  matter  of  indifference 
whfthor  th(;  w;rew  moves  throu^^h  the  water  or  the  water  moves  to  the 
wjff'W.  If  the  pitch  and  revolutions  arc  the  same  in  two  cases,  and  in  the 
one  the  water  is  stationary,  and  the  screw  moves  through  it  at  the  same 
speed  as  the  water  moves  to  the  screw  in  the  other,  the  screw  being 
stationary,  the  results  must  be  dynamically  the  same.  Our  ideas  of 
motion  are  altogether  relative.  The  problem  of  a  screw's  resistance  is 
not  one  involving  the  measurement  of  motion  relatively  to  the  observer, 
but  of  the  velocity  of  the  screw  and  the  water  towards  each  other. 
Relatively  to  the  observer,  the  one  may  move  and  the  other  be  stationary, 
.  may  move ;  all  other  things  being  equal,  so  long  as  the  sum  of 
ties  towards  each  other  remains  the  same  the  thrust  will  also  be. 
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bhe  same,  and  either  of  the  two  conditions  jnst  mentioned,  or  a  combina- 
iion  of  both,  is  precisely  such  as  a  screw  fitted  to  a  vessel  might  work 
inder,  barring,  of  course,  the  fact  that  the  wake  of  the  vessel  has  slightly 
^^arying  speeds  at  different  parts.  A  screw  may  propel  a  vessel  through 
jtill  water,  it  may  just  serve  to  maintain  it  stationary  relatively  to  the 
3arth  against  a  head  current,  or  it  may  propel  it  at  a  slower  speed  than  in 
itill  water  against  a  head  current.  The  second  is  precisely  similar  to  a 
screw  being  tested  in  a  tank  with  the  water  in  motion. 

There  is,  however,  a  good  deal  of  difference  between  the  conditions 
mder  which  a  screw  works  propelling  a  ship  and  those  under 
7hich  it  works  in  undisturbed  water,  inasmuch  as  in  the  former 
jase  it  works  in  a  mass  of  water  having  different  speeds  at  different 
Dortlons  of  the  column  flowing  towards  it.  But  the  difference  in  effect 
s  not  so  great  as  many  seem  to  think,  and,  as  will  be  shown,  not  so  great 
)ut  that  if  the  mean  speed  of  the  wake  be  taken  in  estimating  the  slip, 
hen  the  results  of  experiments  made  upon  models  in  a  free  stream  may 
lerve  to  supply  data  by  means  of  which  the  power  developed  on  screws 
itted  to  propel  vessels  may  be  predicted  with  suflScient  accuracy  for  all 
)ractical  purposes. 

In  the  application  of  the  model  data  to  the  calculation  of  expected 
esults  from  actual  propellers  the  first  step  was  the  preparation  of  a 
liagram  (Fig.  1,  Plate  XX.)  giving  the  values  of  K  for  various  slip  and 
)itch  ratios  in  the  old  formula, 

D«xA3 

l.il. IT,  :^  ^ , 

D  being  the  diameter  of  the  screw  in  feet, 

A  the  speed  of  the  screw's  advance  in  knots  per  hour,  i,e,,  revolu- 
tion into  pitch,  and 

K  a  divisor  depending  on  the  pitch,  surface  and  slip  ratios. 
This  diagram,  being  immediately  calculated  from  the  results  obtained 
rom  the  series  of  models  having  blades  of  the  same  form  but  with  different, 
(itch  ratios  and  described  in  the  writer's  former  paper,  is,  of  course,  only 
trictly  applicable  to  screws  of  this  particular  form  and  surface  ratio  or 
hose  of  another  form  with  equivalent  surface  ratio ;  but  as  the  power  is, 
oughly  speaking,  approximately  proportionate  to  the  square  root  of  the 
urface  ratio  for  small  changes  in  a  similarly  distributed  surface,  suitable 
pproximate  modifications  may  be  made  for  other  ratios,  so  long  as  the 
dtch  ratio  is  not  above  1*5  nor  beneath  I'O.  Fig.  2,  Plate  XX.,  is  an 
•utline  of  the  blade  of  the  experimental  models  developed  on  a  flat 
urface* 
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The  diagram  is  constructed  as  for  the  power  developed  in  the  cylinders 
on  the  assumption  that  the  relation  of  the  power  available  for  working 
the  screw  and  propelling  the  ship  is  '83  of  that  indicated.  The  basis  on 
which  this  has  been  determined  is  appended.  Doubtless  this  is,  in  many 
cases,  considerably  too  high,  but  there  seems  no  reason  why  a  well- 
constructed  triple  expansion  engine  should  give  less  than  this  when 
working  at  full  trial  power.  If  the  circulating  pump  is  centrifugal  and 
the  feed  and  air  pumps  are  independent  so  as  to  be  regulated  to  do  just 
the  exact  work,  there  is  no  reason  why  the  modulus  of  the  whole 
machinery  should  not  be  somewhat  higher. 

In  order  that  the  effects  of  quantity  and  distribution  of  surface  might 
Ih)  dotormined  with  greater  accuracy,  the  diagrams  Fig.  3,  Plate  XXI., 
and  Fig.  4,  Plate  XXII.,  were  prepared. 

That  numbered  3  was  constructed  from  the  data  obtained  from 
experiments  made  with  a  set  of  model  screws,  the  figures  of  whose  blades 
wore  parallelograms.  These  were  successively  tried  with  portions  of 
Uicir  blades  removed,  or,  in  some  experiments,  what  was  eqaivalent  to 
this,  and  by  this  means  the  thrust  values  of  the  surface  ratios  in  the  various 
(X)UContric  rings  from  the  circumference  inwards  were  determined.  The 
not  result  of  the  whole  process  was  that  it  appeared  sufficient  for  all 
pruotiot\l  purposes  to  measure  the  widths  of  the  blades  on  four  concentric 
iMivlos  whoso  diameters  were  "95  D,  '85  D,  '75  D,  and  '6  D,  to  divide  the 
H\\\\\  of  the  widths  of  the  blades  on  each  circle  by  the  outer  diameter  D, 
iu\i!  to  use  the  result  i\s  a  comparative  surface  ratio  for  that  portion  of  the 
tli»i\  The  nuxluli  for  those  surface  ratios  relatively  to  a  standard  blade 
Nvoiv  plotted  down,  and  tho  curve  in  Fig.  ;>.  Plate  XXL,  was  the  result.  It  is 
r\«o(  \y  tho  sjuuo  curve  as  that  for  surface  ratios  shown  in  the  former  paper. 
Tho  (hi\\>  outer  oin^los  have  one  common  scale  and  the  inner  portion 
ivuolhor.  Tho  rnvnluli  Innn^ir  found  for  tho  four  divisions  of  the  disc,  they 
WW  luldod  togi^thor,  and  tho  sum  is  tho  relation  of  the  work  done  on  a 
noh>\v  of  l'^i%  |Mtoh  naio  wh^xso  blado  is  of  tho  torm  measured  to  that  done 
nu  ono  wliiKso  blado  is  similar  to  Fiir.  .,  Plato  XX.,  andwbcvse  pitch  ratio 
U  ^i^^.  tho  soivws  IxMUi:  iHV»»i^l  in  diamotor  and  working  with  the  same 
imIviuuh^  juul  slip.  To  dos^Tilv  tlio  whole  pi\\\^  by  which  iho  rv-sult  was 
nr»*lvod  at  uuiiht  Iv  mow  s;uisfaotory  and  ivrhaj\s  iu:ervsting,  but  it 
\\\\\\\\\  U^  t^Hli^^us.  ju\d  ivusisjaontly  i;  may  sutluv  to  give  an  example  to 
Miilmlo  how  tlu^  diajjnuu  n\ay  Iv  U5<\1,  and  two  v^hor^  to  show  its  agree- 
wuh  aot\»al  o\|Hnin\outnl  ix^ult. 
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The  blade  shown  in  Fig.  5,  Plate  XXIL,  will  be  taken,  and  for  a 
foor-bladed  screw  of  10  nnits  diameter. 


Baditu. 


9;5 
2 

2 

2 

6 
2 


Width  of  Blade. 


•892 
1-242 
1&40 
1-970 


OompaTatiTe  surfaoe 

=  width  of  Blade  X 

nombor  of  Blades  -r- 

OQtfllde  diameter. 


•3568 
•4968 
•6160 
•7880 


Modulus  compared 
with  Blade,  rig.  2. 


Relative  value  from  experiment    ... 


•150 
•190 
-217 
•400 


-957 
-964 


In  the  case  of  a  four-bladed  screw  whose  form  was  that  of  a  slice  of  a 
true  screw  and  whose  surface  ratio  was  '38,  the  modulus  calculated  by  the 
assistance  of  the  diagram  was  1*1592  and  the  experimental  result  gave 
1-1600. 

For  a  two-bladed  screw  with  rectangular  blades,  but  with  a  surface 
ratio  of  '19,  the  diagram  gave  the  modulus  of  '704  and  experiment  '71. 

These  show  sufficiently  close  agreement  to  give  confidence  in  the  use 
of  the  diagram. 

As  the  results  just  given  are  for  screws  having  pitch  ratios  of  1*25 
only,  and  it  is,  or  ought  to  be,  well  known  that  the  relative  values  of 
different  surface  ratios  are  not  the  same  when  the  pitch  ratio  is  changed, 
it  becomes  necessary  to  have  some  means  whereby  the  necessary  allowance 
may  be  made  for  change  of  the  latter. 

The  Diagram  Fig.  4,  Plate  XXIL,  supplies  this  want. 

The  object  of  the  diagram  is  to  supply  multipliers  for  K  in  Diagram  1 
for  other  types  of  blades  than  the  standard  blade  and  ratio  for  which  it 
was  constructed.  The  standard  blade  of  Diagram  1  is,  therefore,  unity 
for  all  pitch  ratios  in  Diagram  4,  and  the  nominal  values  of  the  various 
curves,  named  "  Values  of  C  "  in  the  diagram,  are  the  relative  thrusts 
of  screws  with  blades  of  various  sizes  and  forms  as  found  from  Diagram 
8  for  a  pitch  ratio  of  1*25.  The  values  for  other  pitch  ratios  are  found 
by  means  of  the  general  scale.  This  diagram  is  not  absolutely  correct, 
but  it  is  sufficiently  accurate  for  practical  purposes,  and  may  serve  until 
further  and  more  varied  experiments  are  made. 
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It  is  most  important  to  pat  any  proposed  method  of  calculating  the 
powers  developed  on  screws  to  the  test  of  comparison  with  trial  resnlts, 
when,  unless  there  is  a  rational  agreement  shown  between  the  two,  the 
proposed  method  may  be  abandoned  as  valueless  or  must  undergo  modifi- 
cation. A  comparison  will  now,  therefore,  be  made  with  the  calculated 
powers  and  those  developed  on  trials  of  which  the  data  are  sufficiently 
extended  and  accurate  to  warrant  a  comparison. 

The  results  are  shown  on  Table  IV.  (page  185),  and  it  is  needless  to 
comment  on  the  last  two  columns  of  figures,  except  that  perhaps  the 
variations  of  the  one  from  the  other  are  much  smaller  than  would  have 
been  expected. 

The  examples  given  are  only  of  screws  of  cast  iron,  steel,  or  gun 
metal  of  heavy  section.  If  a  similar  comparison  were  attempted  in 
the  case  of  screws  whose  blades  were  made  of  the  stronger  bronzes, 
when  it  is  customary  to  make  the  sections  much  lighter,  a  difficulty 
would  be  met  with,  due  to  the  bending  of  the  blades  under  the  pressure 
to  which  they  are  subjected,  the  effect  of  .which  is  to  increase  the 
working  pitch.  This  is  so  obvious  as  to  lead  one  to  expect  such  an 
increase  of  working  pitch,  but  the  extent  of  the  increase  was 
only  recently  for  the  first  time  brought  before  the  writer's  observa- 
tion in  the  case  of  an  Atlantic  liner  belonging  to  a  well-known 
company.  A  screw  with  strong  steel  blades  was  originally  fitted, 
with  the  result  that  64i  revolutions  gave  the  vessel  a  speed  of  14 
knots.  The  steel  blades  were  afterwards  removed  and  replaced  by  a 
set  made  of  manganese  bronze  moulded  from  the  original  pattern 
blade  but  made  thinner.  These  were  fixed  on  the  boss  at  one  foot 
finer  pitch  than  that  at  which  the  steel  blades  were  set,  with  the 
result  that  at  the  speed  of  14^  knots  the  revolutions  were  62^,  or 
two  less  than  were  required  by  the  coarser  pitched  original  propeller 
for  ^  knot  less  speed.     This  seems  to  indicate  that  the  working  pitch 

14*25   X  fi4*5 

of  the  bronze  blades  was  -  i\->K~  =  ^'^^  of  the  original  pitch,  and, 

as  they  were  set  at  23  feet  against  24  feet  in  the  original,  their  pitch 
must  have  increased  to  24  x  1*05  =  25*2  feet,  or  about  9*5  per  cent, 
increase  over  the  23  feet  at  which  they  were  set.  This  fact  is  further 
borne  out  in  the  cases  of  two  other  vessels  of  which  the  following  figures 
give  the  results,  from  one  only.  In  this  case  steel  blades  were  replaced, 
as  in  the  case  just  cited,  by  manganese  bronze  blades  of  precisely  the 
same  form  but  of  lighter  section,  and  they  were  set  to  the  same  pitch 
as  the  first  blades. 
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Mean  results  on  voyages  were — 

Speed.  ReTolutions. 

Steel       18-45        66-02 

Bronze 18*39         61*96 

Equivalent  to  6*1  per  cent,  apparent  increase  of  pitch. 

It  appears  from  the  calculations,  the  results  of  which  are  given  in 
Table  IV.,  that  the  data  of  model  experiments  are  applicable  to  the 
estimation  of  the  power  expended  in  working  screws  when  applied  to 
the  propulsion  of  ships,  the  exact  data  of  the  latter  being  known ;  and 
it  might  be  supposed  that  an  efficiency  curve,  or  a  series  of  them,  in 
conjunction  with  Diagram  1  might  serve  to  determine  the  propeller  of 
maximum  efficiency  for  any  particular  case.  But  at  this  point  the 
great  difficulties  begin,  as  an  analysis  of  trial  data  very  soon  shows  that 
a  screw  designed  in  the  light  of  model  trials  to  work  with  the  slip  cor- 
responding to  maximum  efficiency  of  the  screw  per  se  may  not  be 
anything  approaching  to  the  screw  propeller  of  maximum  efficiency, 
and  that,  as  a  matter  of  fact,  in  the  larger  number  of  cases  the  screw's 
efficiency  curve  is,  for  this  purpose,  of  no  use  whatever.  Facts  go  to 
show  that  a  screw  works  at  maximum  efficiency  when  its  slip  is  about 
20  per  cent.  In  the  case  of  full  cargo  ships,  the  propeller  as  usually 
proportioned  works  with  from  30  to  35  per  cent,  of  slip,  and  sometimes 
even  more;  and  the  curious  but  quite  reasonable  fact  can  be  shown 
that  if  an  attempt  be  made,  by  means  of  a  larger  screw  or  an  equivalent 
modification,  to  reduce  the  slip  to  a  more  efficient  ratio,  judged  in  the 
light  of  the  model  efficiency  curve,  the  result  would  generally  be  not 
decreased  slip  but  approximately  the  same  slip  with  an  increased 
resistance  of  the  whole  combination  of  the  ship  and  screw,  and  a 
correspondingly  increased  power  to  overcome  it.  In  fact,  the  ratio  of 
the  dimensions  of  the  screw  to  those  of  the  vessel  it  propels  appears 
a  most  important  element  in  determining  the  power  requisite  for  the 
propulsion  of  the  whole.  In  fine  vessels  with  single  or  twin  screws 
efficiency  of  propulsion  and  of  the  screw  go  closely  hand  in  hand,  but  in 
the  case  of  full  vessels  they  are  widely  parted.  This  feet  is  best 
illustrated  by  comparing  the  trial  results  of  vessels. 

To  make  this  comparison  absolutely  satisfactory  it  should  have  been 
amongst  the  trial  results  of  a  series  of  vessels  of  the  same  size  fitted 
with  screws  precisely  similar  in  form  and  proportions,  but  of  different 
diameters,  and  with  engines  of  the  same  type,  and  of  equal  cylinder 
capacity,  per  revolution,  per  horse  power  indicated,  and  tried  at  exactly 
the  same  speeds.    The   effect    of    the   difference   of  the   screw's  size 
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relatively  to  the  vessel  would  then  have  been  made  clearly  apparent,  as 
all  other  causes  of  variation  would  have  been  eliminated.  But,  as  such 
a  series  of  examples  is  unprocurable,  what  appears  the  next  best  thing  to 
it  has  been  taken. 

A  series  has  been  selected  of  about  the  same  type  whose  trials  were 
made  at  an  approximately  similar  speed,  and  whose  screws  were  similarly 
proportioned,  the  one  dimension  relatively  to  the  other.  The  most  of 
the  examples  had  also  engines  of  one  type  by  one  make^.  Thus,  the 
ideal  condition  has  been  somewhat  nearly  approximated  to,  and  so, 
generally,  most  of  the  causes  likely  to  give  rise  to  variations  of  the  co- 
efficients of  performance  of  the  vessels  have  been  got  rid  of,  excepting 
the  relative  sizes  of  the  screws  to  the  ships  and  errors  of  observation. 

After  selecting  from  the  examples  this  series  with  similar  screws,  which 
were  nearly  1*25  pitch  ratio,  and  with  four  blades,  similar  to  Fig.  2, 
Plate  XX.,.  there  was  still  remaining  a  large  number  of  examples  of 
similar  vessels  whose  screws  were  otherwise  proportioned;  but,  as 
by  the  diagrams  which  have  been  given,  it  is  possible  to  determine  the 
dimensions  of  a  screw  of  any  type  which  may  be  taken  as  the  standard, 
and  would  require  an  equal  power  to  work  it,  with  an  advance  and  slip 
equal  to  any  other  differently  proportioned,  it  seemed  worth  substituting 
in  every  case  an  equivalent  screw  of  1*25  pitch  ratio,  and  '38  surface 
ratio,  and  making  a  similar  comparison  as  had  been  made  in  the  case  of 
those  at  first  selected. 

The  standard  of  1*25  pitch  ratio  and  -88  surface  ratio  has  been 
chosen,  and  is  generally  referred  to  as  a  standard  throughout  the  paper, 
because  it  seemed  best  to  have  some  such  standard,  and  this  was,  for 
most  reasons,  as  good  as  any,  and  for  others,  better,  because  the  first  set 
of  examples  just  referred  to  had  screws  of  this  type,  and^  as  it  happened, 
the  most  of  the  model  experiments  which  were  made  to  compare  the 
effects  of  difference  of  the  form  and  surface  ratio  were  made  on  models  of 
this  pitch  ratio,  so  that  it  was  thus,  for  convenience  sake,  doubly  accept- 
able as  a  standard. 

This  comparison  has  been  made  for  a  series  of  full  cargo  boats,  and  its 
results  are  shown  in  Tables  V.  (page  188)  and  VI.  (page  189).  Those  whose 
results  appear  in  Table  V.  are  a  set  whose  speeds  are  about  the  same 
relatively  to  the  square  root  of  their  lengths,  «.e.,  about  '6  V  length.  As 
will  be  seen  the  screws  of  the  whole  were  of  a  similar  type,  the  pitch 
ratios  being  about  equal,  their  surface  ratios  were  also  approximately 
equal,  except  in  two  cases  where  an  equivalent  screw  of  the  above-named 
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standard  was  anlMtitnted  for  compariaos.  Ttey  are  arranged  in  Ae 
increasing  order  of  the  relation  of  the  angmented  snrfoce  of  the  Teasel  to 
the  screw's  disc,  and  the  coeffidents  of  performance  in  relation  to  the 
cnbea  of  the  speeds,  and  the  wet  and  augmented  snriacea  are  given  side 
by  side.    The  valnee  of  y^- j-  are  not  given,  as  being  of  little  value 

except  for  exactly  similar  vessels  at  similar  speeds. 

As  the  great  proportion  of  the  vessel's  resistance  at  the  slow  speeds 
given  consists  of  skin  friction,  wetted  surface  is  the  most  important 
dimensional  element ;  bnt,  somewhat  to  level  np  broad  and  narrow 
vessels,  the  coefficient  of  angmentatioa  is  nsefnl.  This  is  its  object  in 
this  connection,  and  involves  so  assumption  of  the  absolute  correctness 
or  otherwise  of  Rankine's  views. 
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The  first  case  on  the  table  is  a  vessel  of  a  type  differing  from  the  rest, 
and  it  is  fitted  with  a  screw  of  a  much  smaller  pitch  ratio.  The  ratios  of 
the  surfaces  are  given,  both  for  the  true  disc  area  and  for  that  of  an  equi- 
valent screw  of  1*25  pitch  ratio ;  it  would  not,  however,  necessarily  be  a 
screw  of  exactly  the  same  efficiency.  This  vessel  is  much  finer  than  the 
others,  as  indicated  by  its  prismatic  coefficient,  and  its  coefficients  of 
performance  are  consequently  greater  than  they  should  be  for  proper 
comparison  in  this  table. 

With  the  exception  of  the  three  cases  marked  *  which  are  for  records 
at  sea  between  known  points,  the  vessels  having  clean  hulls,  the  whole  are 
trial  trip  performances  on  the  measured  mile. 

If  the  coefficients  of  performance  are  compared  with  the  ratios  of  the 
surfaces  to  the  screw's  discs  it  will  be  seen  that,  allowing  for  the  slight 
variations  due  to  errors  of  observation,  etc.,  the  performance  improves 
with  decrease  of  the  screw's  area  up  to  about  the  point  where  the 
augmented  surface  is  130  times  the  area  of  the  disc,  and  that  beyond  this 
ratio  the  efficiency  appears  to  fall.  This  is,  of  course,  for  vessels  of  this 
type  and  for  a  speed  of  about  'Q^/L  knots. 

Table  III.  is  additional  evidence  to  the  same  effect.  The  vessels  are,  as 
already  stated,  of  the  same  class — east  coast  cargo  boats — but  their  relative 
speeds  are  in  some  instances  a  little  lower,  and  vary  from  'ddVL  to  *68>/L 
knots ;  as,  however,  the  coefficient  of  performance  generally  varies  but 
slightly  over  this  particular  range  of  speed  for  this  type  of  vessel,  the 
difference  affects  the  comparison  but  slightly.    The  pitch  ratios  of  the 

TABLE  VI. 


Type  of  Engine. 

No.  of 
Vessels. 

Augmented 
Surface. 

Disc  Ares  of 

Eouivalent 

Screw. 

Augmented 
Surface  x  V«. 

LH.P. 

Actual 
Pitch  RaUo. 

2-Cylinder  Compound 

Triple 

2-Cylinder  Compound 

3  2-Cylinder  Compound  I 

2  Triples         J     *" 

2-Cylinder  Compound 

1  Triple          \ 

1  2-Cylinder  Compound  f    "* 

Triple  ... 

2 
2 
6 

5 

2 

2 

1 

830 

98-7 

103-6 

115-3 

127-2 

134-6 

1400 

19,200 
18,800 
20,530 

20,922 

22,325 

21,600 

20,800 

110 
•991 
1136 

1118 

1135 

1-13 

1150 
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screws  are  also  different,  being  finer— about  1*1  to  1*15  against  1*25  of 
the  previous  table.  In  order,  therefore,  to  make  the  oomparison  fair,  an 
equivalent  screw  of  1*25  pitch  ratio  has  been  substituted  in  all  cases  and 
the  vessels  summed  up  in  groups.  The  machinery  of  nearly  all  is  by  one 
maker. 

It  were  well,  now,  briefly  to  show  the  practical  bearing  of  the  figures 
in  Table  V.  (page  188).  Compare  (or  contrast)  No.  2  with  Nos.  15, 16,  and 
17.  The  coeflicient  of  performance  of  the  former  referred  to  augmented 
surface  is  19,900  against  a  mean  of  about  24,800  of  the  latter  three;  in 
other  words,  these  vessels  required  only  80*4  per  cent,  of  the  indicated 
horse-power  required  by  No.  2  per  unit  of  augmented  surface  and  speed, 
and,  as  appears  evident  by  the  figures  on  the  table,  this  superior  per- 
formance is  due  to  Nos.  15,  16,  and  17  having  been  fitted  with  more 
suitably  proportioned  screws,  viz.,  screws  having  a  disc  area  of  1  square 
foot  to  about  128  units  of  augmented  surface  against  the  proportion 
of  1  to  88  in  No.  2. 

If,  for  the  sake  of  argument,  it  is  assumed  that  No.  2  was  tried  in 

exactly  the  condition  and  at  the  speed  at  which  it  was  intended  to  trade, 

a  brief  calculation  will  show  the  advantage  to  its  owner  had  it  been  fitted 

with  a  propeller  proportioned  like  Nos.  15,  16,  and  17.    Its  speed  was 

11*1  knots  and  its  indicated  horse-power  1,347.     It  is  but  a  rational 

conclusion  from  the  evidence  that,  had  its  propeller  had  a  disc  area  of 

1  square  foot  for  every  128  units  of  augmented  surface,  the  power  would 

19  900 
have  been     /     ^  x  1,847  =  1,080,  or  267  less  than  it  actually  was. 

2^4,001) 

This  is  an  economy  of,  roundly,  20  per  cent. 

The  improvement  in  the  vessers  working  would  have  been  as  follows, 
assuming  the  engine  of  the  triple  expansion  high  pressure  type  to  bring 
the  example  up  to  date : — 

Less  coal  per  day  at  1'6  lbs.  per  I.H.P.  per  hoar          ...  4*6  tons. 

Less  coal  per  annum  at  224  working  days         1,030'      „ 

Less  coal  per  voyage  of  15  days  (run  one  way)  ...         ...  69*       „ 

Less  weight  of  machinery...         ...         ...         ...         ...  62*      „ 

Less  cost  of  machinery      £2,300    0    0 

Increased  capacity  for  freight,  equal  to  the  decreases  of 

weight  of  machinery  and  of  coal  per  voyage         ...  131"    tons. 
Annual  savings  and  increase  of  revenue : — 

Saving  on  coal,  at  153.  per  ton  put  on  board     £772  10    0 

Saving  of  interest,  insurance,  depreciation,  and  repairs 

on  £2,300,  at  27*5  per  cent 632  10    0 

Increase  of  freight,  131  tons,  at  £6         786    0    0 

Total  gain  £2,191     0    0 
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It  is  interesting  to  note  two  facts  in  connection  with  Table  VI. : — 
Firstly,  that  generally  the  performances  are  somewhat  lower  than  those 
in  the  preceding  table,  and  that  the  pitch  ratios  are  also  smaller;  secondly, 
that  on  the  second  line  in  the  list  there  is  a  fall  beneath  the  others,  and 
that  this  corresponds  with  a  still  lower  pitch  ratio. 

It  is  doubtless  possible  that  this  observed  fall  in  performance  may  be 
due  to  other  causes  beyond  a  lower  pitch  ratio.  Its  immediate  coinci- 
dence with  it,  however,  is  a  sufficient  hint  to  induce  the  enquiring  mind 
to  investigate  the  matter  more  closely.  Especially  does  it  appear  so  to 
the  writer,  whose  experimental  data  indicated  a  very  rapid  fall  of  effi- 
ciency towards  these  finer  pitch  ratios. 

It  might  now  be  interesting  to  estimate  the  slips  of  some  of  the  screws 
given  in  Table  V.;  this  is  done  in  Table  VII.  These  have  been  estimated 
by  calculating  the  values  of  K  as  for  Diagram  Fig.  1,  Plate  XX.,  and  then 
taking  the  slip  ratios  correspondiug  to  those' values  : — 

TABLE  VII. 


No.  on 
Table  n. 

Screw's  Diameter. 

Knota  Advance, 

I.H.P. 

D*  X  A^  X   -8  3 
LH.P.  80 

Total  SUp. 

2 
4 

10 
12 
16 

Feet 

170 

160 

16833 

1600 

15-58 

12-29 
11-44 
12-26 
1100 
1170 

1,347 
893 
1,325 
1,342 
1,060 

411 
392 
362 
374 

380 

•318 
•325 
•346 
•325 
•335 

From  these  few  examples  it  would  appear  as  if  the  slip  ratio  varied 
but  little  over  the  whole  series,  although  there  is  about  25  per  cent, 
difference  of  efficiency  in  the  performances  of  the  cases  just  selected.  The 
explanation  of  this  appears  to  lie  in  the  fact  that  the  larger  screw,  moving 
a  larger  mass  of  water  from  the  stern,  considerably  decreases  the  hydraulic 
pressure  upon  it,  which  is  equivalent  to  an  equal  augmentation  of  the 
ship's  resistance,  and  that,  within  the  limits  of  the  experiments,  this 
augmentation  is  roughly  in  proportion  to  the  screw's  area. 

With  finer  vessels  this  loss  is  considerably  less  felt,  so  that  screws  of 
larger  diameter  involving  a  lower  slip  ratio  are  more  suitable,  and  ought 
to  be  adopted.  On  fine  vessels,  say  with  a  prismatic  coefficient  of  about 
"6,  a  slip  ratio  of  '20  to  '25  may  safely  be  aimed  at,  when,  in  all  proba- 
bility, the  condition  of  maximum  efficiency  will  be  attained. 
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Diagi-am  Fig.  6,  Plate  XXIII.,  is  a  comparison  of  the  trial  results  of  a 
series  of  vessels  at  speeds  corresponding  to  'lbs/  L,  'SSV  L,  and  1*05  V  L. 

The  pair  of  curves  for  speeds  of  '75  >/  L,  and  *^bs/  L,  are  for  a  series 
of  fine  vessels  of  various  proportions  as  to  length,  the  variation  being 
between  6*5  and  9'1  beams ;  but  all  are  vessels  with  fine  lines,  the 
maximum  prismatic  coefficient  being  only  '658.  Properly  speaking, 
vessels  only  of  precisely  the  same  type  should  be  thus  compared  in  one 
curve — until,  of  course,  the  exact  law  by  which  the  resistance  varies  with 
the  form  is  discovered — but  when  the  vessels  are  fairly  fine,  as  in  this 
instance,  and  the  speed,  relatively  to  the  length,  not  very  high,  little 
error  is  involved.  Besides,  in  these  particular  instances  the  vessels  with 
the  finer  prismatic  coefficients  are,  relatively  to  their  beams,  shorter,  so 
that  as  a  matter  of  fact  the  longer  ships  with  the  coarser  coefficients  will 
not  have  lines  of  much  greater  angular  inclination  to  the  line  of  motion. 

All  the  spots  for  the  higher  ratios  of  augmented  surface  to  the  screw's 
disc  (which  is  again  made  the  basis  of  comparison)  are  for  single,  and 
the  lower  for  twin  screws.  From  the  fair  appearances  of  the  curves  drawn 
through  the  points,  about  an  equal  efficiency  is  indicated  for  both 
classes  for  similar  ratios.  In  the  same  connection  it  were  well  to  direct 
attention  to  the  two  cases  of  twin  screws,  amongst  the  cargo  boats,  in 
Table  V.  (page  188),  numbered  15  and  20.  The  performance  of  No.  15  con- 
forms exactly  with  those  of  the  vessels  adjacent  to  it.  No.  20  appears  low 
when  compared  with  No.  19;  but  it  should  be  noted  that  the  prismatic 
coefficient  of  No.  19  is  considerably  finer  than  No.  20,  and  that,  conse- 
quently, the  performance  of  No.  1 9  appears  somewhat  higher. 

The  spot,  No.  3  on  the  curve  for  '75  v/  L,  is  for  a  vessel  precisely  the 

same  as  those  marked  D  and  E  in  Table  I.  (page  185). 


The  curve  for  speeds  of  105v/  L  is  entirely  for  vessels  of  the  "Iris" 
type,  and  of  the  same  length.  Numerous  other  examples  might  be  given 
of  vessels  of  almost  similar  form  ;  but  they  are  generally  shorter  and 
slightly  fuller,  for  both  of  which  reasons  they  have  been  left  out  of  con- 
sideration, as  at  these  higher  speeds  slight  variations  of  form  or  dimension 
tell  very  rapidly  upon  the  resistance  of  the  vessel. 

The  most  of  the  screws  of  the  vessels  fi-ora  whose  trial  results  these 
curves  are  drawn  are  fairly  coarse,  some  having  as  high  a  pitch  ratio  as 
1-65. 

The  ratios  in  all  three  curves  are  for  equivalent  screws  of  1*25  pitch 

ratio  if  the  actual  was  other  than  that.     From  these  curves  it  appears 

'at  for  a  vessel  whose  prismatic  coefficient  is  about  'db  and  for  speeds 
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of  'TS-s/L  the  ratio  of  augmented  surface  to  the  disc  of  a  four-bladed 
screw  of  the  standard  type  and  1*25  pitch  ratio  is  about  90  for  maximum 
eflSciency,  and  for  speeds  of  'S6y/lj  it  is  about  80.  Vessels  of  the  type 
whose  results  are  represented  by  the  lower  curve  and  for  a  speed  of 
1'05>/Ii  will  give  the  maximum  performance  with  a  ratio  of  about  70. 
These  are  for  trials  in  smooth  water.  If  there  be  head  winds  or  other 
causes  to  increase  the  resistance  it  might  appear  that  an  increased  disc 
would  be  an  advantage,  as  the  increased  resistance  is  equivalent  to  an 
increase  in  dimensions  of  the  hull ;  but  against  this  it  is  well  to  note  the 
fact  that  the  vessels,  Nos.  14,  16,  and  17  of  Table  V.  (page  188),  which 
show  superior  trial  efficiency,  also  gave  better  average  results  in  ordinary 
work  than  any  of  the  other  fully-loaded  vessels  whose  results  precede 
them  in  the  list. 

It  is  not  intended  to  attempt  a  summary  of  these  results  in  such  a 
manner  as  to  give  other  than  broad  general  conclusions  as,  though  the 
subject  has  received  considerable  attention,  it  is  one  of  such  great  com- 
plexity that  without  exact  data  whereby  local  causes  of  disturbance,  such 
as  abnormal  friction,  etc.,  may  be  eliminated,  it  is  extremely  difficult  to 
properly  analyse  all  the  data  at  one's  disposal.  Without  this  the  only 
course  open  is  to  select  such  data  as  are  known  to  have  been  carefully 
ascertained  and  then  to  deal  with  broad  averages. 

So  far  the  following  conclusions  seem  fairly  well  borne  out  by  the 
facts: — 

1st. — That  the  data  of  model  experiments  are  applicable  to  screws 
applied  to  vessels. 

2nd. — That  the  ordinary  type  of  cargo  vessel  whose  prismatic  co- 
efficient is  from  '75  to  ;8  and  for  speeds  of  about  '6  VL  knots,  maximum 
results  on  trial  and  in  ordinary  weather  are  to  be  obtained  with  a  screw 
with  1  square  foot  of  disc  area  to  from  125  to  180  units  of  augmented  or, 
say,  to  about  100  square  feet  of  wetted  surface,  if  the  standard  screw  of 
1*25  pitch  ratio  and  '88  surface  ratio  is  adopted.  If  the  screw  itself  is 
otherwise  proportioned  an  equivalent  modification  must  be  made  in  these 
ratios. 

8rd. — For  finer  vessels  the  ratio  of  augmented  or  wetted  surface  to  the 
screw's  disc  area  may  be  considerably  decreased  with  advantage. 

4th. — Between  coarse  and  fine  pitch  screws  there  seems  little  diflPerence 
of  efficiency  when  above  1*25  pitch  ratio,  but  that  such  cases  as  have  been 
given  beneath  that  seem  to  indicate  a  lower  efficiency.  This  may  be  due 
to  other  causes,  but  it  is  borne  out  by  model  experiments  on  which  many 
of  the  calculations  are  based. 
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Note  on  the  Modulus  of  Delivery  of  a  Marine  Engine. 

1st,  Dead  Load  Frictuyn, — Results  of  a  few  experiments  to  determine 
the  power  absorbed  by  dead  load  friction  and  air  pump : — 


Mark 


0 

D 
E 


Vessel. 


Class  of 
Engine. 


H.M.S. 
"Iris" 


Cargo  boat 


H.M.B. 
"Buzzard" 

2nd  class 
cruiser 


Passe: 
▼esse 


inger 
sel 

Cargo  boat 


No.  of 
Cylin- 
ders 


Ratio 

of 
Cylin- 
ders. 


Horizontal 
compound 

Vertical 
compound 

Horizontal 
triple 

Vertical 
triple 

do. 


do. 


2H.P. 
2L.P. 

1H.P. 
1L.P. 

1H.P. 

IIP. 

1L.P. 

do. 
do. 

do. 


1;  3-35 


1;4 


1;  22 
5-4 

1;  2-29 
4-9 

1;  2-54 
6-31 

1;  2'58 
7-05 


13) 


Dead  Load  Friction 

§     

On  all    !    All  on 

Pistons.  I     L.P. 

Lbs.  per  I  Lbs.  per 
sq.  in.    I    sq.  in. 


Lbs. 
65 

90 

140 

155 
160 

160 


1-528 


1-76 


1-988 


2-200 


1-974     1     3144 


Pumps 

worked  by 

Engine. 


1-43 
175 

1-565 


2-389 
2730 

2360 


Air  pump 

AU  pumps ; 

Circltng.  pump 

single-acting 


Air  pump  only 


do. 

AU  except 
circltng.  pump 


Condition 
of  Engine. 


•^i 


=3 

•  > 


li 


All ;  circltng. 

pump 
single-acting 


Steamed  a 
few  times 

First  trial 


Second  time 
steamed 


do. 

First  time 
steamed 


do. 


24-9 
247 

32-8 

38-0 
34*6 

32-0 


11 


8-0 
8-91 

9-6 

6-3 
7  "91 

7-38 


A.  Slide  Talves. 

B.  Slide  Talves,  pistons  spring  packed. 

C.  H.P.  valve,  piston  type  with  sprin 

D.  H.P       ■ 


valves,  pistons  spring  packed. 

valve,  piston  type  with  springs,  I.P.  and  L.P.  slides ;  pistons  spring  jpacked. 
and  LP.  springless  piston  valves;  L.P.  slide  valve;  H.P.  and  LP.  pistons,  single 
ring,  and  L.P.  ughtly  packed. 

E.  H.P.  and  I.P.  springless  piston  valves;  L.P.  slide  valve ;  all  pistons  spring  packed. 

F.  H.P.  springless  piston  valve;  I.P.  and  L.P.  slides;  L.P.  and  i.P.  lightly  packed  spr 


narrow 


spring  pistons. 

It  appears  from  the  above  that  1*5  to  1*75  lbs.  per  square  inch  of 
gross  piston  area  is  ample  allowance  for  dead  load  friction  and  the  air 
pump.  What  percentage  this  represents  upon  the  ultimate  power  of  the 
engine  depends,  of  course,  upon  its  mean  pressure  ;  but  for  the  purposes 
of  Diagram  1  it  has  been  assumed  at  7'8  per  cent.,  being  equal  to  2*5  lbs. 
per  square  inch  dead  load,  and  32  lbs.  per  square  inch  working  pressure, 
all  applied  to  the  low  pressure  piston. 

Ind,  Work  absorbed  by  Pumps. — A  series  of  examples  give  for  the 
power  developed  in  the  cylinders  of  the  engines  working  centrifugal 
circulating  pumps  1*3  per  cent,  of  total. 

ReCIPEOCATINO   ClKCrLATING    FUMPS. 


No. 


CIa88  of  Engine. 


Class  of  Pump. 


Percentage  of  Power 
Indicated  in  Pump. 


1  Two -cylinder  compound.       Single-acting 

I 
2 


'»         '• 


1-92) 
202) 


97  mean. 


3      '     Three-cylinder  triple. 


Double-acting-         loO. 


SCREW   PROPELLER.  195 

Feed  Pubips. — Power  indicated  in  two  examples  of  separate  feed 
pumps: — 

Percentasre  of  total        0*605 

Srdy  Friction  of  Load, — By  a  detailed  calculation  on  the  basis  of  a 
frictional  coeflBcient  of  '05,  this  has  been  estimated  at  6*5  per  cent,  of  the 
balance  of  power  remaining,  after  deducting  that  absorbed  by  dead  load 
and  pumps.  Mr.  B.  F.  Isherwood  found  this  by  trial  (vide  Engineeringy 
December  Slst,  1875,  page  525)  to  be  about  7'5  per  cent.  This  figure 
has  been  adopted. 

Summing  up,  the  modulus  of  a  triple  expansion  engine  working  its 
own  pumps  is — 

Total  power  indicated 100 


Dead  load  and  air  pamp 
Circulating  pump 

Feed  pump         

Bilge  pump        


...       7-8 

1-5 

*6 

say         '5 


10-4, 
89-6 


89-6  X  7*5 
Friction  of  load j^^ 6-71 


Balance,  say  83  per  cent ..  82*89 

Some  trials  are  on  record  where  this  modulus  cannot  have  been  less 
than  '85  for  a  compound  engine,  the  mean  pressure,  taken  as  all  applied 
to  the  low  pressure  cylinder,  being  30  lbs.;  and  when  the  pumps  are  not 
worked  by  the  engine,  the  modulus  may  be  still  higher. 
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NORTH-EAST  COAST  INSTITUTION  OP  ENGINEERS 

AND  SHIPBUILDERS. 


Seventh  Session,  1890-91. 


PROCEEDINGS 


SIXTH  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
LECTURE  HALL  OF  THE  SUBSCRIPTION  LITERARY  SOCIETY, 
SUNDERLAND,    ON    FRIDAY    EVENING,    FEBRUARY   20th,    1891. 


W.  THEODORE  DOXFORD,  Esq.,  Past-Pbesidbnt,  in  thb  Chaib. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Newcastle,  on  Monday,  Februaiy  2nd,  which  were  approved  by 
the  members  present,  and  signed  by  the  Past-President. 

The  Past-President  said  that  he  took  the  chair  because  the  President 
was  still  absent  abroad.  He  was  sorry  to  say  there  were  no  new  members 
to  propose  that  evening,  the  firat  time  that  he  remembered  such  an  occur- 
rence.   He  had  also  to  apologise  for  Mr.  Blechynden's  unavoidable  absence. 

The  discussion  on  Mr.  A.  Blechynden's  paper  on  "  The  Influence  of 
the  Relative  Dimensions  and  Proportions  of  the  Screw  Propeller  on  the 
Vessel's  Performance"  was  opened  by  Mr.  E.  Hall-Brown,  followed  by 
Mr.  Hok,  and  adjourned. 

The  Secretary  read  a  synopsis  of  Mr.  J.  T.  Nicolson's  paper  "  On 
the  Strength  of  Short  Flat-ended  Cylindrical  Boilers,"  the  paper  itself 
being  taken  as  read. 

Mr.  J.  C.  Spence  then  read  a  paper  on  "  Results  of  Experiments 
on  the  Strength  of  Boilers." 
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DISCUSSION  ON  MR.  BLECHYNDEN'S  PAPER  ON  "THE 
INFLUENCE  OP  THE  RELATIVE  DIMENSIONS  AND 
PROPORTIONS  OP  THE  SCREW  PROPELLER  ON  THE 
VESSEL'S  PERFORMANCE." 

Mr.  E.  Hall-Brown  said  the  ground  covered  by  Mr.  Blechynden's  paper 
vas  so  extensive  that  it  was  impossible  to  do  more  than  touch  upon  one 
>r  two  points  in  the  limited  time  at  his  disposal.  In  the  first  place, 
hen,  the  basis  of  the  various  calculations  was  the  results  obtained  by 
txperiment,  as  described  in  Mr.  Blechynden's  former  paper,  and  it  would 
)e  well  to  see  what  the  value  of  that  data  was.  As  Mr.  Blechynden 
emarked,  their  ideas  of  motion  were  relative,  so  that  it  seemed  to  matter 
ittle  whether  the  water  moved  past  the  screw  or  the  screw  passed  through 
he  water,  provided  that  the  other  conditions  were  the  same,  that  meant 
,t  least  that  the  condition  of  the  water  must  be  the  same  in  both  cases, 
,nd  that  the  various  data  could  be  ascertained  with  the  same  degree  of 
ccuracy  in  each  case.  Were  these  conditions  fulfilled  in  the  experiments 
ipon  which  Mr.  Blechynden  relied?  He  (Mr.  Hall-Brown)  thought 
lot.  The  condition  of  the  stream  of  water  arriving  at  the  propeller 
n  Mr.  Blechynden's  tank  would  be  very  different  from  that  acted 
ipon  by  a  propeller  driving  a  phantom  ship.  In  fact,  as  far  as  he 
ould  see,  the  condition  could  not  well  be  more  dissimilar,  as  the 
rater  in  the  tank  would  be  in  a  state  of  violent  commotion  from 
he  action  of  the  sides  of  the  tank,  and  from  the  sharp  curves  at 
he  ends.  Again,  he  failed  to  see  how  the  actual  amount  of  slip  could 
le  ascertained  at  all  accurately,  and  as  this  was  a  basis  for  certjfin 
f  Mr.  Blechynden's  calculations  this  point  was  vital.  In  these  remarks 
e  had  so  far  compared  Mr.  Blechynden's  experiments  with  the  conditions 
f  a  screw  driving  a  phantom  ship.  If  the  comparison  were  made  with  a 
srew  driving  an  actual  ship,  the  difference  might  be  still  greater,  as  the 
elocity  of  the  stream  of  water  reaching  the  propeller  in  the  experiment 
rould  be  least  at  the  tips  of  the  blades,  owing  to  the  action  of  the  sides 
f  the  tank,  while  in  the  case  of  a  screw  driving  an  actual  ship  the 
elocity  of  the  water,  relative  to  the  screw,  would  be  least  at  the  boss. 
»ut  it  might  be  urged  that  Mr.  Blechynden  produced  a  number  of  actual 
jsults  which  showed  a  remarkable  agreement  with  the  results  of  experi- 
lent.  Before,  however,  these  results  could  be  accepted  they  must 
>ok  to  see  that  nothing  superfluous  had  been  included,  while  at  the 
une  time  nothing  material  had  been  omitted.  The  modulus  of  the 
Qgine  waa  taken  at  "83 ;  this,  he  did  not  consider,  at  all  high,  and 


Wf  WiWTt'JWIOy — THE  dCKEW  PKOPELLES,  BTC- 

vi^m^  y;^ir?fjm^  a  very  fafr  entimate ;  bat  as  this  was  the  only  facU»r  thai 
»^ff^i  io  tie  tak^m  into  accoant  in  appljing  the  results  of  die  tank 
hin^TiftmM  Uf  actfial  ntiifiH,  it  wcmld  seem  that  Mr.  Blechjnden  con- 
Ptfhf^i  f/tiai  no  f/ther  rnrxlifir;atioii  was  necessary,  and  that  other  effects 
ft^ifitt'myfl  e^i\i  other,  or  did  not  exist.    Mr.  Fronde  had  ennmerated 
nutffitu,  (A)usm  two  fju;tor»  of  screw  propulsion^  viz.,  the  thmst-dedncted 
fm-A/ff  Hw\  tfie  wake  fjict<;r,  the  product  of  which  was,  he  said,  practically 
nu%j^  fiw\   {\uiy  might   Jxj  conseciuently  disr^arded  in  practice.     He 
<M^   H«ll-Hrowri;  (lould  not  agree  with  this,  as  it  was  not  borne  out 
)h  uhj  t5n\tfir\uifiuin  ho  knew.     He  would  only  instance  the  **Experi- 
ftmhi^  M/  %m\,  the  lloHiHtancc  of  a  First-class  Torpedo  Boat"  made  by 
jM^.  A,  Vi  Ynrrow,  and  rei)ortod  to  the  Institute  of  Naval  Architects. 
in   i\i^m  Mn\n  tin;   indicated   horse-iwwer  of  the  engines,  the  power 
u\fHffi\fiii\  \ij  tlirtmi/,  luul  the  power  exerted  at  the  tow-rope,  were  all 
Mi*'<«»uM>'l  Mild   ciurvi'M  oonKlnicted.    Now,  if  the  wake  factor  and  the 
(hiMt))  d««lM*iMon  fjMJlor  noiitmllHcd  ciich  other,  the  thrust  power  should 
h<Hii  tM|M*illMi|  l.li»)  f.oNv-n)|H3  iKiwer  (neglecting  the  dead-water  resistances 
v^hw^h  )M  (lM>m>  biHtt^  \\n)  vory  small).    As  a  matter  of  fact  the  thrust 
|Mmi>i    iiM»iu»i|i»i|   f,|if»   (,f)\v-n)|H^   |)owcr  by  from   27'6  per  cent,  to  16'2 
jn'»  i^iM      Ni>w,  III  flioKo  (orfHHlo  lH>ats  everything  was  done  that  experi- 
» n.M.   iiMiM    pMtig»^(.   fo  iih1iux>   tho   thnist-dcduction   factor,    and    the 
l«ii(  iIhH  \\\o  (liiiml.  «>\oo<hl«Hl  (he  Unv-roiie  pull  in  these  boats  by  such 
..  ^ulw»^«»»(htl  «nHnn«>l   ivk  ',*7(>  ]HT  cent.  ]XMnt^   to   the  fact  that,   with 
.  ..rM..M\  <.Ui|»«».  {\\v]'x'  \\x\\\\i\  W  'A  nuioh  l;\n:vr  diiToronco  between  the  thnist 

i  li..    i.m  HJHi.  ])\\\\       \s  ^^r.   Ul<vbvntUn  t<x^k  no  account  of  this 

.«.(».  ♦•. »«. .  \m  IhM.i.l  (.\  r^nUnui  UvM  his  licnn*  wore  soiireclv  such  as  could 
I.  ..Is. .1  Mjhht  <.)  \\\^\\s'  ln>  c;\,>H\  l%nt  nnother  factor  of  propulsion 
,  <lu  •..,..  y  {..  .MM.I  «.^  h.n*'  Ks  )i  enliivly  lost  f^icVit  of  siiice  it  was  pointed 
..,,«  l.^  «!♦.  Ii»«.-  Hi  V'«sMi.l«>  He  n^fev'Av^*  to  ile^^Ai-watcr  resistances. 
II,.;.  <..,...  ..(  iH .-.»>« tnw.'  \\on]«]  K^  ni  -ik^  r;;i^.r;r.ium  iii  the  torpedo  boat 
,,t...  ■..,.■♦,4,,.  ..t  .i.>  «lt.'^.'  \,>NM,.iy  >ve:v  i^/.^nxts^nv  eiii  awav  to  reduce  the 
,{,  ,,{  \<M«.,  4..  ,♦  i.i.nMMtnM  Imh  in  u\\  iX\\.\r,iy\  y-^hVLrc*  houu  such  as  Mr. 
|M. .  I. *...«. ..  ,M.  ..♦  .■•n.  .1  m  Iti^  jvijvi.  jh,  *'iT<s'(  of  ji'jh.'-wjiter  was  certainbr 

\\  i,  .1    ...,i.  .1  «.  l.-.n  «.t^  i.Hi.li  ;N\  i.-.Nv.  \\;kv  :\';i).l»!(  ( \p('rirn(-nts  sbowiiior 

4 1,.  .H..4  .<  jmii  -u.p    nj <iii  M.'iNu   .»:  J  h,  s,*:*;"^^  icopelkiT.    But  now  let 

(t..M.  i..»^  ^''^  Im.-u*  h  Mi  1vI.s'K>  p.l^M.'y  in,M)»o<l>  }nia  firurt^.  In  the 
tn  <  I  I  M  .  <.  M. .  I  i.  I  ri-.«.  \\  M  *x  M^  -w-niiv/.  r-r<  k]u>w  tlie  total  slip, 
n.  v»  ^^  I  <i.i.-  <.  I .  «  ••«  MM.. I  Mti.,  1n-\\  )»'»..  M  K\M,  (^hf^imefl  in  tbc  case  of 
il^i  im.nI.  «  .  N  j- .  M,,.  1.1  ■^-.^«M^.  M.  U!,v,'l,\  n.ici  V  t^iiinsvr^' of  the  slip  of 
^v|.-»  <*»*'»<  |«iin>  iiir-  M.-  Kii\..  ,s»i«(ssM    l,M  ih«^n.  s*\   whiU  sizt- of  propeUer 
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would  give  that  slip  in  the  case  of  a  ship  with  a  speed  of  9  knots 
when  indicating  800  indicated  horse-power,  and  taking  the  slip  as 
given  by  Mr.  Blechynden  at  35  per  cent.,  the  blades  being  of  the 
standard  shape,  and  the  pitch  ratio  1'25.  Referring  to  Fig.  1,  Plate  XX., 
they  found  the  value  of  K  was  350.    Working  out — 


K  = 


D2  = 


K  X   I.H.P. 


I.H.P.' 
850   X   800 


D  =  v'SSS  =  19-6. 


A3  ""  729 

Now,  800  indicated  horse-power  and  9  knots  speed  were  very  common  in 
cargo  boats  on  the  North-East  Coast,  but  the  diameter  of  propeller  corre- 
sponding, by  the  data  given,  to  35  per  cent,  slip,  seemed  to  him  very  large 
indeed,  and  was  a  marked  contrast  to  some  of  the  propellers  advocated  by 
members  of  this  Institution  at  a  former  meeting,  when,  if  he  remembered  cor- 
rectly, 11  feet  6  inches  was  spoken  of  as  a  suitable  diameter  of  propeller  for 
such  a  ship.  Fig.  4  (Plate  XXII.)  he  did  not  at  all  understand.  Probably, 
if  Mr.  Blechynden  answered  this  question  it  would  remove  his  difl&culty. 
If  a  propeller  had  blades  of  the  standard  shape,  so  that  the  modulus  by 
Diagram  8  was  1*00,  would  the  pitch  ratio  have  no  influence  upon  the 
multiplier  for  K,  as  found  from  the  Fig.  4  ?  As  far  as  he  (Mr.  Hall- 
Brown)  saw,  the  pitch  ratio  should  influence  the  value  of  K,  but 
Fig.  4  did  not  convey  this  idea  to  his  mind.  In  conclusion,  he  begged  to 
give  a  few  figures  which  showed  that  screws  with  a  less  pitch  ratio  than 
1'25  might  be  quite  as  eflBcient — if  the  efficiency  was  measured  in  the 
method  indicated  in  the  paper — as  any  given  by  Mr.  Blechynden. 


Length. 

L 
B 

Prism. 
Coeflb. 

Speed. 

Wetted  Surface 

W.8.  X  V» 
I.H.P. 

Pitch. 

VLength. 

Disc. 

Diam.          ; 

1 

282 

7  73 

•80 

•62 

106 

20,100 

113 

300 

7-50 

•7G7 

•662 

105  5 

22,300 

112 

275 

7-24 

•783 

•Gl 

106- 

23,700 

116 

These  results  were  from  careful  progressive  trials  on  the  measured  mile. 

Mr.  W.  HoK  said  he  would  like  to  ask  Mr.  Blechynden  a  few  questions 
with  regard  to  his  paper.  First,  in  Table  IV.  (page  185)  there  was  to  be 
found  a  column  headed  "  Wake  fraction  of  ship's  speed."  Did  the 
figures  in  that  colmnn  really  represent  the  true  value  of  the  speed  of  the 
wake  ?  That  speed  was  found,  he  supposed,  by  deducting  the  apparent 
slip  from  the  experimental  slip  of  the  model  screw;  but  would  the 
actual  propeller  working  behind  the  ship  in  disturbed  water  give  the  same 
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amount  of  slip  as  the  model  screw  in  still  water  ?  If  not,  which  was  very 
probable,  the  figures  in  Table  IV.  did  not  represent  the  true  speed  of 
the  wake.  In  Table  V.  (page  188)  Mr.  Blechynden  had  given  them  the 
prismatic  coeflBcient  of  displacement  as  an  indication  of  the  fineness  of 
the  ship.  He  would  be  much  obliged  if  Mr.  Blechynden  could  see 
his  way  to  completing  that  table  by  adding  to  it  the  displacement,  the 
moulded  draught,  and  the  I.H.P.  of  the  ships,  so  as  to  enable  those  who 
used  a  different  mode  of  thinking  to  form  their  own  opinion  of  the  value 
of  Mr.  Blechynden's  deductions.  With  regard  to  the  prismatic  coefli- 
cient,  he  was  sorry  he  was  unable  to  admit  that  it  indicated  the  fineness 
of  the  ship.  For  instance,  a  very  fine  ship  with  a  fine  midship  section 
may  have  the  same  prismatic  coeflBcient  as  a  very  full  ship  with  a  full 
midship  section,  and  yet  the  former  ship  was  very  much  finer  than  the 
latter.  So  the  sole  use  of  the  prismatic  coeflBcient  as  a  guide  of  fineness 
was,  to  his  mind,  misleading.  It  was  his  intention  to  speak  about  the 
influence  of  the  gain  from  the  wake  on  the  loss  from  the  augmentation 
of  resistance,  but  as  Mr.  Hall-Brown  had  discussed  that  point  he  would 
merely  state  his  view,  that  any  theory  of  the  screw  propeller,  or  rather 
of  its  application  in  practice,  that  did  not  fully  recognise  the  importance 
of  the  reducing,  or  rather  nuUifyhig,  influence  of  the  gain  from  the 
wake  on  the  augmentation  of  resistance  would  not  be  perfectly  sound. 
Finally,  they  would  notice  on  page  192  that,  according  to  the  writer, 
if  the  ship  was  running  at  a  s|)eed — 


=      'C\/  Jj,  the  best  propeller  disc  is  = 


=  i-05v/t;, 


»»  ?» 


?»  j> 


?»  »' 


augmented  surface 

130 
augmented  surface 

90  " 

augmented  sm'fiice 
80  ' 

auirmented  surface 


70 

By  a  trifling  altenition  in  the  value  of  the  rate  of  disc  area  per  augmented 
surface,  and  which  was  justified  hy  the  nature  of  Fig.  G  (Plate  XXIII), 
it  was  jxissible  to  frame  a  general  fornuila  for  calculating  the  disc  area 
recjuired,  this  fonnuhi  being  : — 

Disc  area  =  ^IHrT^^^l^^^  surface  ^  _V^     ^  wet  surface  V 


75  V  L  GO  n/L 

and  the  concomitant  prismatic  coeflicient — 

•32 
= 4-  ">it 
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These  expressions  do  away  with  the  variable  rate  of  propeller  disc  per 
augmented  or  wet  surface  of  ship  for  different  speeds,  and  link  together 
the  speed  and  the  prismatic  coeflScient,  and  are  therefore  more  general 
than  the  expressions  deduced  by  Mr.  Blechynden.  If  used  in  conjunction, 
they  give  in  a  very  simple  manner  the  most  suitable  propeller  disc  when 
speed,  size,  and  fineness  of  ship  are  known. 


On  the  motion  of  Mr.  W.  Theodore  Doxford,  Pasl-President,  the 
discussion  was  adjourned  till  the  next  General  Meeting,  to  be  held  in 
Newcastle-upon-Tyne. 
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ON   THE    STRENGTH    OF    SHORT    FLAT-ENDED 

CYLINDRICAL  BOILERS. 


By  JOHN  T.  NICOLSON,  B.Sc. 


[Bbad  bbfobb  thb  Institution  in  Sundbbland,  Fbbbuaby  20th,  1891.] 


The  following  is  an  investigation  (compare  Grashof,  "Theorie  der 
Elasticitafc")  of  the  stresses  in  a  cylindrical  boiler  with  flat  ends ;  taking 
into  account  the  influence  of  the  ends  in  diminishing  the  circumferential 
tension  in  the  shell  due  to  internal  pressure.  It  refutes  the  erroneous 
view  advanced  by  Mr.  J.  C.  Spence,  in  a  paper  read  before  the  Institution 
last  session,  that  a  serious  reduction  of  the  thickness  of  boiler  shells  in 
marine  boilers  is  possible,  desirable,  and  has  been  overlooked  by  elasticians. 
It  shows  that  the  reduction  of  the  thickness  of  shell-plating  allowable 
when  the  effect  of  the  ends  is  not  as  is  usual  neglected,  is  inappreciable 
practically,  except  for  boilers  whose  length  is  less  than  one-third  their 
diameter. 

The  paper  does  not  discuss  the  bursting  pressure  or  breaking  strength 
of  such  boilers  ;  it  is  limited  to  the  consideration  of  cases  where  the 
stresses  and  strains  in  the  material  are  smaller  in  amount  than  those  at 
which  mutual  proportionality  ceases  ;  are,  ^.e.,  within  the  so-called  elastic 
limit. 

In  view  of  this  it  is  only  necessary  to  add,  that  many  eminent 
engineers  are  now  agreed  that  the  rational  way  of  estimating  the  degree 
of  safety  of  a  structure  is  to  compare  its  working  strength  with  its 
elastic,  rather  than  with  its  ultimate  strength.  It  is  probably  more 
judicious  to  fix  the  working  pressure  of  a  boiler  as  a  certain  fraction  of 
that  which  first  causes  the  proportionality  of  stress  and  strain  in  the 
material  to  cease,  than  to  fix  it  as  some  fraction  of  the  pressure  which 
produces  rupture. 
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In  snch  a  boiler  let  Fig.  1  indicate  the  direction  of  the  axes  o^  X  Y 
and  Z  chosen  in  the  discussion  of  the  stresses  produced 'by  an  internal 


Fig.  I 

pressure.    If  we  make  a  longitudinal  section  of  the  shell  from  a  to  ft  it 
will  in  general  be  of  the  form  shown  in  Fig.  2  when  under  pressure  (the 

deflection  beiiig,  of 
course,  very  much 
exaggerated) ;  the 
dotted  lines  indicat- 
ing its  state  before 
strain. 

We  are  about  to 
consider  the  equili- 
brium of  a  plug  of 
metal  (shown  at 
1212,  3434),  whose 
shape  is  defined  (v. 
Fig.  3,  Plate  XXIV.) 
by  two  planes  per- 
pendicular to  the 
boiler's  axis  very  close  together,  dx  apart ;  two  planes  containing  the  axis 
inclined  to  each  other  at  a  very  small  angle  ^  ;  and  two  co-axial  cylin- 
ders, the  inside  and  outside  of  the  shell.  During  strain  (as  at  3434)  this 
plug  is  slightly  distorted  and  is  kept  in  equilibrium  by  the  stresses  on  its 


KiG    2 
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surfaces  supplied  by  the  material  surrounding  it,  and  by  the  fluid  pressures 
on  its  two  ends  inside  and  outside  the  boiler. 

If,  referring  to  Fig.  2,  we  consider  the  thin  slice  of  boiler  shell  lying 
between  the  two  planes  which  contain  the  boiler's  axis,  and  which  make 
the  infinitesimal  angle  ^0  with  each  other  ;  we  find  that  it  is,  in  feet,  a 
beam  loaded  by  the  uniform  internal  pressure,  p ;  and  supported  by  being 
in  a  maimer  encastre  at  the  ends  (the  supports  being,  however,  capable 
of  yielding);  and  by  being  subjected  to  tensile  stresses  acting  normally 
all  along  its  two  sides. 

Turning  now  to  Fig.  3,  Plate  X'XIV.,  where  00'  indicates  the  position 
and  direction  of  the  axis  of  the  boiler ;  55s's'SSS'S'  a  portion  of  this  beam 
very  much  enlarged  with  nnn'n'  as  its  neutral  surface,  and  the  plug  of 
metal  above  specified  (and  obtained  from  the  beam  by  traversing  it  with 
two  planes  503  and  60'4,  Ix  apart)  is  represented  by  3434-5656  ;  we  must 
consider  at  first  the  equilibrium  of  only  a  thin  slice  of  the  plug,  such  as 
adhe^  distant  v  fi*om  the  neutral  surface,  and  of  thickness  Iv. 

Owing  to  the  fact  of  the  deflection  of  the  beam,  it  is  manifest  that, 
in  this  slice,  all  such  figures  as  acdh^  eghfy  made  by  planes  which  contain 
the  axis  00'  cutting  the  slice,  and  which  before  strain  were  rectangles, 
have  become  parallelograms  with  acute  angles  at  a,  ^,  «,  and  h ;  and 
corresponding  obtuse  ones  at  c,  b,  g,  and/.  Shearing  stresses  t  and  t  , 
Tj  and  Ti  must  therefore  be  acting  in  the  planes  «/*and  gd,  ec  and  fd,  as 
shown  in  Fig.  3,  Plate  XXIV.  On  the  other  hand,  the  angles  in  all  such 
figures  as  egca  anA/hdb,  made  by  planes  perpendicular  to  00'  cutting  the 
slice,  have  not  been  altered,  so  that  no  shearing  stresses  are  acting  on 
the  planes  a/  and  gd,  ad  and  gh  in  directions  perpendicular  to  t,  t',  tj, 
and  t/.  Lastly,  no  shearing  stresses  are  acting  on  the  planes  ec  and/(5?, 
ad  and  eh  ;  for  the  angles  in  all  such  figures  as  abfe  and  cdhg  have 
remained  unchanged. 

The  stresses  acting  on  the  slice  are  then  as  follows  : — 

In  the  direction  of  the  X-axis :  the  stresses  (tensile,  or  maybe 
compressive,  when  v  is  negative)  <raj  and  <raj '  acting  on  the  planes 
ag  and  bh,  and  the  shearing  stresses  t  and  t'  acting  on  the  planes 
eb  and  gd. 

In  the  direction  of  the  Y-axis :  the  parts  of  ay  and  ay',  which  we 
get  in  that  direction  by  resolving  thesfi  stresses  perpendicular  and 
parallel  to  the  central  plane  Zoo'  Z'. 

And  in  the  direction  of  the  Z-axis:  any  part  {p')  of  the  internal 
pressure  p  which  may  have  been  transmitted  through  the  plug,  so 
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as  now  to  act  directly  on  the  planes  yd  and  eb ;  the  components  of 
tjy  and  Oy"  in  this  direction ;  and  the  shearing  stresses  t^  and  t^ 
acting  on  the  planes  ec  &nd  fd. 

When  the  thin  slice  of  material  is  in  equilibrium,  we  must  have  the 
algebraic  sums  of  the  stresses  multiplied  by  the  areas  on  which  they 
respectively  act— equal  to  nothing  in  each  of  the  three  axial  directions, 
Ox,  0  Y,  0 Z.  Also,  we  must  have  the  algebraic  sums  of  the  moments 
of  the  stresses  into  the  areas  they  severally  affect,  taken  about  the  axes, 
each  equal  to  nothing. 

Thus  we  are  able  at  once  to  write  down  the  following  equations, 
expressing  the  conditions  of  equilibrium  of  the  elemental  slice : — 

Wx  -  <r«  )R^v  +  (t'  -  T)Ra0&2;  =  0 (a) 

(<r'y  —  ^^y  )  cos  ^  ^Bv  =0 (b) 


2 


^  x^^..  - 


p'RB<l>Sx  +  (ti  —  ri)R^v  —  {ffy  +  ffy  )  sin  -^  BxBv  =  0      .     {c) 

Where  B,  =  r'-j'V  =  r  +  z  +  v, 

If  the  axes  about  which  moments  are  taken  pass  through  the  centre 
of  figure  of  the  slice,  the  moments  of  all  stresses  are  nothing  when  taken 
about  the  X-  and  Z-axes ;  but,  taken  about  the  Y-axis,  the  shearing 
stresses  give  us  for  equilibrium  the  condition  expressed,  with  sufficient 
accuracy,  by — 

T^RB^Sv^  —  rTiB(})bvBx  =  0 (d) 

Let  us  now  simplify  these  equations  as  far  as  possible  by  making  use 
of  any  further  physical  considerations  which  the  problem  presents,  and 
thus  eliminate  as  many  unknown  quantities  as  may  be. 

Taking  first  equation  (^/),  we  have  evidently  at  once  t^  =  t,  and 
similarly  t/  =  t';  a  particular  case  of  the  general  law  in  elasticity  that 
the  shearing  stresses  at  any  point  of  a  strained  body  which  act  perpen- 
dicularly across  the  line  of  intersection  of  any  two  planes  at  right  angles 
to  each  other  are  of  equal  intensity.  Thus,  wherever  tj  and  t/  occur  in 
the  other  equations  (a),  (b),  and  (r),  we  can  put  for  them  t  and  r. 

In  ccjuation  (a)  we  know  that  if  (t^  alters  in  amount  in  passing  from 
the  plane  ec  to  the  plane  fd,  the  amount  of  its  change  (the  rate  of  such 
change  may  be  considered  uniform  for  the  small  length  Bj')  wiU  be  the 
rate  of  change  per  unit  of  length  multiplied  by  the  length  taken.     That 

is,  it  will  be  -."^^  cj-  ;  so  that  the  stress  exerted  by  the  slice  at  the  plane 

f(/,  in  the  siuncFcnsc  as  o-^  on  external  matter,  will  be  (Tj.  +      *  r./-.    Now, 

dx 
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ff«',  the  stress  external  matter  exerts  on  the  slice  at  the  plane /<i,  must  be 
exactly  eqnal  and  opposite  to  this,  so  that  the  first  term  in  equation  (a) 
becomes — 

Reasoning  in  the  same  way,  we  find  that  the  second  term  in  that 
equation  becomes — 

(t+  P  ^  — 'r)RB<pBx  ; 

80  that,  after  cancelling  and  dividing  by  RB^pBxBv^  equation  (a)  reads  : — 

s-+^=» « 

Equation  (b)  wholly  disappears,  for  we  see  from  symmetry  that 

In  equation  (c)  we  cannot  tell  the  value  of  y,  the  amount  of  p  the 
internal  pressure  which  is  left  after  it  has  been  transmitted  through  all 
the  slides  from  54  to  gd.  We  must  therefore  consider  the  equilibrium  in 
the  2-direction  of  all  the  slices  taken  together,  so  as  to  extend  from 
inside  to  outside  of  the  shell.    We  shall  then  be  able  to  write : — 

p  fr' " -^\  BcpBx  +  /     ^^Bx'RB(t>Bv—  /     ^  2ry  sin^BxBV  =  0  ; 

where  the  summation  is  with  reference  to  v^  and  is  taken  between 
the  limits  4--^  and  — —\h  denoting  the  shell's  thickness.  With  regard 
to  the  first  term  we  note  that,  as  the  shell  is  thin  when  compared  with 
the  boiler's  radius,  no  great  error  will  be  introduced  by  neglecting — ; 
and  hence  a  fortiori,  by  putting  r'  for  K  (*>.,  r'  ±  v)  in  the  second  term. 
In  the  third  term  ^0  is  so  small  an  angle  that  -^  may  be  put  for  sin 

^,  so  that  the  equation  may  now  be  written: — 

'j^lcf^x  +  Ir'^lxlci^v  —  fl^it^xlv  =  0, 
or  dividing  by  r'lcfi^x  we  finally  get: — 

^-f\%^-'vf\'^'-^  ■  ■  ■  ■  ■ 

Having  thus  simplified  the  equations  of  equilibrium,  we  have  now  to 
examine  the  nature  of  the  disturbing  effects  which  the  stresses  acting  as 


(2) 
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they  do  simnltaneonslj  in  different  directions  on  the  same  dement  of 

matter  mutually  produce. 

We  know  that  when  a.  single  stress  acts  so  as  to  extend  a  specimen 

in  any  direction,  a  contraction 
takes  place  in  directions  per- 
pendicular to  that  which  is 
proportional  to  the  extension  so 
long  as  the  stress  is  within  the 
(Too  so-called  elastic  limit.  Thus,  if 
ra,  produce  a  strain  ^  in  the 
cube  shown  (Fig.  4)  in  the 
direction  of  the  a;-axis,  gi^en 

y  Fl  G .  4.  by  the  equation: — 

there  will  be  a  strain  in  the  directions  of  the  ^-  and  ^-axes  of  mag- 

nitude:  —  ~  and ^  (the  material  supposed  isotropic)  where  m  is 

found  by  experiment  to  be  between  8  and  4. 

If  then,  stresses  o^,  <ry,  <r^  act  simultaneously  in  ail* three  axial 
directions,  we  shall  have  as  resulting  strains  in  direction 


of  fl^axis 


„  y-axis 


„  2;-axis 


»i  —  ^flj *— - — 

971 


Ba   —    6ti   — 


m 


—  ^z         

m 


X 


or  since  generally  e  =  -=, 


E^   ^   4Tjf  


m 


X 


m 


m 


'e 


(a) 


(3) 


Hence,  r^  +  ry  +  r^  =: 


m 


E  (^1  +  ^a  +  eg)  . 


but  adding  to  this  (8a)  and  putting  8  for  51  +  ^3  +  e,  we  get 


^•a.  -^  rx=:^ 


m 
m  — 2 


E5  +  wE^i, 


or 


__     Em      /      8  \ 

'  ""  m  +  1    \  w  — 2    "*■  ^V 


(^,4) 
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and,  using  successively  (8^)  and  (Sc)  we  get  in  the  same  way: — 

Em      /      s  \  ,_    ^. 

Em     /      5  \  .     ,^ 

If  we  elect  to  eliminate  ^  from  these  equations  we  may  get  a  value 
for  it  from  (4,  c),  viz.: —  . 

_  (m  -f  1)  (w  —  2)  gi  +  ga 

^»  "       Em   (m  -  1)  ^'^  ■"  m  -  1 ' 

and  substituting  it  in  (4,  a  and  b)  we  get: — 


mE 


<r< 


;(5) 

In  applying  these  equations  (5,  a  and  b)  to  the  case  in  hand,  we 
must  find  the  values  of  the  strains  ^  and  e^  &om  the  geometrical  condi- 
tions of  the  problem.  Let  us  then  consider  the  longitudinal  section  of  the 
boiler  shell  in  Fig.  2  (page  20fi).  If  it  be  supposed  that  the  two  originally 
plane  sections  of  the  beam,  shown  in  trace  as  11  and  22,  remain 
plane  sections  when  the  beam  is  bent,  then  the  traces  of  these  sections 
for  the  bent  beam,  83  and  44,  will  intersect  in  a  poiut  Q,  whose  distance 
from  the  trace  of  the  neutral  surface  will  be  p,  the  radius  of  curvature  of 
the  beam  at  x.  Let  the  strain  at  the  neutral  surface  nn'  (vide  Fig.  8, 
Plate  XXIV.)  due  to  lon^tudinal  tension  of  the  shell,  if  any,  be  denoted 
by  ^o;  and  that  at  cd'  distant  v  from  nn'  by  e^  (since  it  is  in  the  direction 
of  the  ic-axis  nearly).  If  the  original  length,  alike  of  nn'  and  cd'  was 
^8;  then  their  present  lengths  are  h  +  e^h,  and  ds  +  ^^5,  respec- 
tively. But  these  lengths  being  arcs  of  concentric  circles  (for  a  very 
short  distance)  are  proportional  to  the  radii  of  those  circles  p  and  /»  +  v, 
or  ^8  (1  +  gj)  _.  p  +  V, 

h  (1  +  ^o)  P     ' 

Hence  1+^  =  1+ «o  + H-^o, 

P       P 

or  ei  =  eo  ± — (6) 

P 

since  — ^  is  negligible,  and  the  reasoning  holds  for  v  negative.  \ 

But  if  0  be  the  deflection  of  the  neutral  surface  (t;,  Fig.  2),  we  know 
that: — 
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where  the  upper  or  lower  sign  mnst  be  taken  according  as  the  centre  of 
cnrvatnre  is  within  or  without  the  shell.    So  that  in  aU  cases: — 

^-'^-«'g ••    •    •      (8) 

In  order  to  find  e^  the  strain  in  the  direction  of  the  y-azis  (i^  per- 
pendicular to  the  plane  of  the  paper  in  Figs.  2  and  8),  we  ha^e  only  to 
think  that  the  cirde  described  about  the  axis  of  the  boiler  with  its  plane 
perpendicular  thereto,  and  passing  through  c  (Fig.  8),  was  formerly  of 
a  length  2w  (r  ±f;),  and  is  now  of  a  length  2^  (r'  ±  v)  or  2w{r  +  2f  ±  v); 

the  elongation  it  has  experienced  is  2m,  and  the  stnan  ^    >        .» which 

can  be  put  =  -  since  the  thickness  of  the  shell  and  h  fortiori  v  is  small 

compared  with  r. 

Thus  ea  =  - (9) 

In  the  two  equations  (5,  a)  and  (5,  V)  we  have  now  left  only  one 
unknown  quantity  on  the  right-hand  side,  viz.,  <r«.  This  stress  we  find 
on  examination  to  be  so  small  as  to  be  negligible,  for  it  is  prodnoed, 
firstly,  by  the  direct  transmission  of  the  internal  pressure,  p,  up  through 
the  slices  of  the  plug  (t;,  Fig.  8,  Plate  XXIV.)  until  it  is  entirely  equi- 
librated ;  and,  secondly,  as  the  result  of  the  contraction  (or  extension) 
in  the  2;-direction  caused  by  the  tensile  (or  compressive)  stresses  in 
the  X-  and  y- directions. 

Now,  in  this  investigation  we  must  limit  ourselves  to  the  cases  where 
no  stress  whatever  is  greater  than  that  corresponding  to  the  elastic 
limit  of  the  material ;  wherefore  it  follows  that  the  effect  of  /?,  as  a 
direct  crushing  stress,  and  as  forming  the  first  part  of  ff^,  is  negligible 
since  ay  approaches  the  elastic  limit  with  only  small  values  of  p.  And, 
further,  the  second  part  of  ^r^  may  be  neglected  with  the  same  immunity 
from  error  as  we  obtain  in  leaving  out  of  account  the  transverse  stress 
induced  in  a  bar  when  it  is  subjected  to  longitudinal  tension. 

Putting,  therefore,  the  terms  involving  a^  in  equations  (5,  a  and  V) 
equal  to  nothing,  and  substituting  in  them  for  ^  and  ^,  their  values 
as  given  in  equations  (8)  and  (9),  we  get : — 

m^  —  1  \     "      r/       w^  —  1    rfa^  ^      ' 

where    2^1  ( ^^0  +  i: )  ^^  evidently  the  (longitudinal)  stress  at  the 
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neutral  snr&ce  or  mean  radius  of  the  shell,  being  the  value  of  ffg^  when 
t;  =  (?.  If  F  be  the  sectional  area  of  the  shell  (made  by  a  plane  per- 
pendicular to  the  axis),  and  P  the  load  upon  it  due  to  pressure  on  the 
boiler  ends — 


<r«  =  t5  — 


^^ (") 


»      F      m^  —  \      da? 

mE     /  dh         z\ 

1  P  ,  Es           m     ^   dh 
^m-S-^T-W^Ti^d^ (12) 

We  must  now  revert  to  our  reduced  equations  of  equilibrium  (1) 
and  (2),  in  which  we  proceed  to  substitute  the  expressions  obtained  for 
CjB  and  cy  in  equations  (11)  and  (12).     Equations  (1)  and  (2)  are  : — 

^•  +  s=» « 

(2) 

2    "  '    ^         2 

■ 

In  the  first  of  them  we  have  by  diflferentiation  of  (11) — 

&■„_  _     >w^     p  dh 
dx  "^      m^  —  1       dx^' 

rw^      A  dr  m^     ^   dh 

Therefore,  ^  =  ^jsnn  ^  5^' 

^2  ^2  ^3>9 

and  by  integration  t  =  ^2_i  ^  "2  ^  "^  ^^^^ ....    (13) 

To    determine  f{x)    we    know    that    when    «;  =  ±  ^,  t  =  0.      Thus 

m^     ^f^dh 
8  d^- 

ifri^         A  "^  ^v^  d^z 
And  finally,  ^  =  -  ;;nr— "i  E — 5 — ^-^     ....    (14) 


•"•^        p+/}P'-f/1''''  =  ' 


/(iC)  = 3 ::  E  -   — ,. 

J  \  f  m^  —  1 


7»«  —  1  8        c^ 

Thus,  in  equation  (2)  since — 


/ 


dr   -  l»2  A3  _  4^2   ^2J     ^ 

dx  w^  —  1  S  '      dor 

\  _      m^        d^z  h^  -  4t;^  ^  -  _      m^         A^  ^ 
*       m«  -  1  ^        8  w2  -  1  ^12  £?ic* 

2 

^V-^  "3-(8+"8)=l2' 

*°V-*V"8""^)  "8'"24  =  12l' 


VOL.    Vn.— UBL 


3 

oc 
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also    yj    ,r,M,=  -^J    ,(^-^  +  -.^^—^Bv^yp 

Thno,  eqnaMon  (2),  after  changing  signs,  now  reads  (patting  r  for  r*, 
which  we  now  see  can  be  done,  the  error  incnrred  within  the  limits  of 
elasticity  being  very  small): — 

m'     Ji'  d*z      m         PA  -  ,,_. 

""         ^+12-^^^,  =  12-;;jr-BA.(^-,SiyJ-     (^^^ 
or  ^+te  =  B (17) 

Now,  patting  0  =  7.  +  t^  where  B  and  i  do  not  involve  x,  but  u  is 
a  fiinetion  of  jc,  we  may  write  (17): — 

g+B  +  &tt  =  B, 

or     g+»t*  =  0 .    (18) 

Here  b  is  lL(??!jzl).  B  ifi  ^^Mj:z1)  ±(„        ^    ^   A\ 
,B        rW  1P^\ 

Thus,  ,=_^^____,j+^ 

=  A  +  w,  say (19) 

If  we  put  a  =  V  "^  ^  g  g  ^;  then  4a*  =  -, — ^2^^ — ^5  ^^-d  with 
this  value  for  a,  (18)  may  be  written,  for  purposes  of  solution : — 

S  +  ^'^^  =  0 (m 

The  solution  of  this  equation  (v,  Appendix)  is  : — 

u  =  -^-^ — ^ ^  cos  aaj  H ^-^ — ^ ^  sm  air   (19) 

Whence  we  obtain — 

f2/  1    P   A  \ 

2=pt(;?  —  —  -p  —  I  +  Aq  cosA  ax  cos  aa;  +  B^  sinA  cuv  sin  aaj  (20) 

putting  cosA  oa;  for ^ ,  and  sinA  ax  for ^ 
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« 


When  X  =  I  (the  half  length  of  the  boiler),  0  =  0,  and  5-|  =  0. 

cPz 
But  ^  =  2a*  (—  Aq  sinA  axmnax  +  B^  cosA  ax  cos  ax), 

f^f  1  P  A  \ 

Hence  yr  [p—  —  ^  —  )+  A^  oos^  «Z  cos  al  +  B^  sinA  aZ  sin  al  =  0, 

and  —  Aq  sinA  aZ  sin  al  +  B^  cosA  rtZ  cos  al  =  0. 

From  which  we  obtain  the  values  of  the  constants  : — 

*    _  _  _^/         _LZ.A\ cosA  al  cos  al 

^  ■"       Wi\  ^  ""  m"  F  7"  jsinA^  a/  sin*  al  +  cosA«  aZ  cos«  aV 

T» r^/  1  P  A  \  sinA  al  sin  aZ 

°  ""       EA\  -^  ""  m  F  r  /sinA*  aZ  sin*  al  +  cosA*  «Z  cos*  at 

But  since  sin*  a?  =  1  —  cos*  aZ,  and  sinA*  al  =  cosA*  aZ  —  1,  the 
denominator  reduces  to — 

CosA*  al  —  cos*  al  =  -^  (cosA  2  al  +  om  2  al). 
So  that  finally, 

A    —        2r*  /     _  1   P  A  \       cos  A  aZ  cos  al 
^o~-"EA\^       m  Y  T jcos  A  2  aZ  +  cos  2  a;     •     •    ^^^>* 

and 

R    =  _   ^^  (  n  -^}-—  ^  \      sinA  flZ  sin  g?  .29^ 

^"       lAV^       mTT;cosA2fl;  +  co8  2aZ      '     *    ^^ 

Knowing  now  A^  and  Bq,  equation  (20)  gives  z  ;  and  equation  (12) 
gives  tTy  (the  circumferential  stress)  for  the  various  values  of  a;  from  o  to  /. 
In  particufar,  when  x  =  0  ;  i,e.,  at  the  miildle  of  the  boiler's  length  : — 

P  r  /  1  P   A  \         EAo 

If  the  pressure  on  the  flat  boiler  ends  be  taken  by  stays  so  that  there 

p 

is  no  longitudinal  strain,  e^^  on  the  shell ;  __  =  0,  and 

r 


tf* 


^''^  A+T    ^° 

^  pr  /             2  cosA  al  cos  al     \  . 

"~  X  V  ^"  coBh2al  +  C08  2  al  ) ^"^ 

This  is  the  case  the  author  has  chosen  for  numerical  calculation  ; 

taking  diflPerent  values  of  the  ratio  —     He   chose  a  boiler   15   feet  in 

diameter,  with  an  internal  pressure  of  160  lbs.  per  square  inch  above  the 
atmosphere,  and  of  five  different  lengths,  varying  from  1  to  15  feet. 
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He  found  the  ratio  of  the  aotoal  circnmf^iential  tensQe  Btress  at  the 
middle  of  the  length,  to  what  it  would  be  with  open  ends,  or  |tt  it  is 
usually  calculated,  to  be  as  follows : — 


* 

Boilers,  aU  15  feet  diameter ;  length  » 

Ifoot 

2  feet 

5  feet 

10  feet  16  feet 

Rfttio  of  length  to-  diameter                m 

A 

A 

* 

* 

1 

0y            actual  stress  at  middle 

•2008 

•8918 

•9410 

•9986 

•9999 

j9r        stress  as  nsnaUy  calculated 
h 

• 

Showii^  that  the  permissible  reduction  of  ecantling  in  the  middle 
strake  of  plating  is  quite  miscroscopic  for  ordinary  marine  boilers.  It 
will  be  noticed  that  these  results  have  been  obtained  by  putting  2;  «  0 
in  equation  (20),  by  supposing,  that  is  to  say,  that  the  boiler  ends  give 
a  rigid  support— a  supposition  which  gives  less  circumferential  stress  in 
the  centre  than  that  which  actually  obtains.  The  extensibility  of  the 
ends  will  reduce  still  more  the  assistance  they  afford  the  shell  in  with* 
standing  internal  pressure. 


APPENDIX. 

The  differential  equation — 

g+4«*«=0 .     (18)1 

has  for  its  general  solution — 

u  =  Ci€^i*  +  Cjc^**  +  CgeV  +  €46^1* {a) 

for,  assuming  that  m  =  Cc  '^^  we  find  that — 

— ^  =  c^Ce*^*  ;  and  (18)^  may  be  written — 

c*Ce^*  +  4a*C6^*  =  0  ; 

or,  c*  +  4a*  =  0 (5) 

the  four  roota  of  which  determine  the  four  different  values  of  c,  each  of 
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which  makes  u  =  Ce^*  a  solution  of  the  equation  given.    If  Ci  c,  c,  C4  are 
these  four  roots,  we  have  the  system  of  particular  solutions — 
u  =  Ci6<?i*,  u  =  CacV,  u  =  CfiC V,  and  u  =  C^e^^y 
whence*  the  general  solution  above  (a). 

The  roots  of  c*  =  —  4a*  =  —  1  x  4a*  are  imaginary;  and  of  the 
form,  m  ±  m,  m}  ±  nH  (where  i  =  >/iri),  for  c  =  V^^  x  N/2a^  and 
the  four-fourth  roots  of  —  1,  are  : — 

>/2 

Thus  the  four  roots  of  the  equation  c*  +  4a*  =  0  are  : — 

Ci=zm  +  ni  =  a  +  at, 
(^  =  m  —  ni  =  a^aiy 
Cg  =  w^  +  nH  =  —  a  +  at, 
C4  =  m^  —  n^'  =  —  a  —  at, 
whence  m  =  a 


m} 


=  a        n  s=  a    'k 
=  —  g   n^=  g     f 


(") 


Putting  in  the  values  of  c^  c^  r^  c^  in  the  general  solution  — 

Now,  €****  =  cos  w«  +  ♦  sin  nx^ 

and  e  -  *'"'  =  cos  /w?  —  t  sin  waj, 

for  putting  successively  nart  and  —  nxi  for  a:  in  the  expansion  of  e^  in 
powers  of  ar,  viz.: — 

1  -t-  ic  -r  2  -f  2  g  -1-  2  g  ^  -t-     .    .    .    .    , 
adding  and  subtracting,  we  get — 

^nxi  +  6  -  «ari  =  2  COS  Wa: (1) 

and  e*»^  —  6  -  **^*  =  2t  sin  wa; (2) 

adding  and  subtracting  (1)  and  (2)  we  have 

e^Mci  =  cos  nx  +  t  sin  nx^ 
and  e—nxi  =  cos  na;  —  t  sin  nx.  (q.b.d.) 

Therefore 

u  =  ewia?  I  (Ci  +  Ca)  COS  ux  +  (Ci  —  Cj)  t  sin  nx  \ 

+  6m>«  j  (C,  +  C4)  cos  n^a;  +  (C,  -  C4)  t  sin  n^xX 

•  V,  Boole,  chap,  ix.,  art.  4. 

t  F.  Chrystal's  Algebra,  I.,  p.  237,  or  Todh.    Alg.,  p.  218. 
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or,  pntfcing  /for  Oi  +  C,,  ^  for  (Ci  —  C,)  t 

/I  forC,  +  Connor  (Ca -O4)  t; 
u  =  e*»»  (/ooB  nx  +  gAnnx) 

+  «!»>«?  (J^cmnht  +  g  sin  nht)   .    .    .    .    (d) 

Lei  118  now  insert  for  m  and  n,  m^  and  n^,  their  valnes  as  given  in 
equation  (c)  obtained  from  the  solution  of  equation  (i),  then  (d)  will 
read: — 

u=s  eoso  (/'cob  ax  -^  g  mn  ax)  +  «— ««  (/^  cos  oo?  +  ^^  sin  oa?)    .    ((P) 

* 

Since  the  deflection  of  the  beam  (described  in  Fig.  2)  is  the  same  for 
the  same  values  of  x  on  the  right  and  left  side  of  the  central  plane,  we 
must  have : — 

«^  (/cos  oa?  +  ^  sin  aa?)  +  «-^  (/^  cos  aa?  +  ^  sin oa?)  = 
«-«» (/cos  (— fla:)  +^sin(— ««))+««»  (/^cos(-aaj)  +  ^^  sin  (—oa?)). 
Bat  cos  (— oa?)  =s  cos  (oa;),  and  sin  {-—ax)  =  —  sin  {ax\ 

we  have  therefore  : — 

e««  (/cos  oa;  +  il^  Bin  ox)  +  e— ««  (/^  cos  oa?  +  ^  sin  aa;) 
=  •-iw.(/cos  oa?  —  ^  sin  fltt?)  +  6««  (/^  cos  aa?  —  ^^  sin  oa?) 

for  every  value  of  a;,  which  gives  us 

/cob  oa:  +  ^  sin  aaj  =  /^  cob  035  —  ^^  sin  aa? 
and  /^  COB  oa?  +  ^^  sin  oa?  =  /cos  (MJ  —  ^  sin  flKc, 

from  which  we  see  at  once  by  addition  and  subtraction  that  /  =  /* 
and  ^  =  —  ^1 ;  so  that 

U  =  (6«af  +  €— <w?)/c0S  flKT  +  (c^a?  —  e— «a?)  ^  sin  OOJ; 

or,  finally,  from  equation  (19). 

2  =  A  +  /  (6«a?  +  6— «a?)  COS  aa;  +  ^  (e^^?  —  e— «fl?)  sin  a«,  or 
putting  in  the  value  of  A  from  (19)  and  substituting  for/ and  ^  two 
new  constants,  A^  and  Bq,  equal  to  2/ and  2g  respectively,  we  write  : — 


"  =  £(^-¥¥t)  +  ^ 


£(iw  4-  e — ax         — 
o 2 ^®  ^ 


+  Bq ^ smoar     ....    (20) 


which  is  equation  (20). 
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RESULTS  OF  EXPERIMENTS  ON  THE  STRENGTH  OF 

BOILERS. 


By  J.  C.  SPENCE. 


[Rbad  bbpobb  thb  IirsTiTUTioir  in  Sundbblattd  on  Fbbbuaby  20th,  1891.] 


Last  year  the  author  brought  before  this  Institution  an  argument 
intended  to  show  that  the  present  system  of  calculating  the  strength  of 
boilers  is  erroneous,  and  proposed  a  new  method. 

Since  then  he  has  made  a  series  of  experiments  on  the  subject,  the 
results  of  which  he  now  desires  to  place  before  the  Institution. 

His  previous  argument  was,  that  it  was  unnecessary  to  make  a  boiler  as 
strong  as  if  it  were  an  endless  ring,  and  that  the  resistance,  due  to  the 
connection  between  shell  and  ends,  should  be  added  to  the  circuipferential 
resistance  of  the  shell  in  order  to  get  the  true  strength  of  the  structure. 
If  this  were  true,  the  strength  of  boilers,  especially  of  the  marine  type, 
would  not  be,  as  hitherto  assumed,  independent  of  their  length,  but  would 
depend,  as  much  on  their  length  as  on  their  diameter.  To  test  this,  he  made 
three  small  cylinders,  (Figs.  1,2,  and  3,  Plate  XXV.)  of  equal  diameter,  thick- 
ness of  plate,  etc.,  differing  only  in  length,  and  tested  them  to  destruction 
by  water  pressure.  Each  of  these  drums  was  made  of  a  sheet  of  -^  inch 
steel  plate  rolled  to  a  circle  of  26  inches  diameter,  with  one  longitudinal 
single  riveted  joint.  The  ends  were  flanged  outwards  and  riveted  to 
strong  end  plates  which  were  very  strongly  stayed,  longitudinal  and  end 
joints  were  single  riveted,  pitch  of  rivets  1 J  inches,  diameter  of  rivets 
i  inch,  diameter  of  holes  ^  inch,  all  drilled  in  place;  percentage  of 
plate  in  line  of  rivet  holes,  55  per  cent,  of  solid  plate.  The  riveted 
joint  was  adopted  because  the  only  other  alternative  that  occurred  to  him 
was  a  welded  seam,  and  he  considered  that  a  known  weakness  was  better 
than  an  unknown  strength.  The  single  riveted  joint  was  adopted  in 
order  to  keep  the  pitch  of  rivets  small,  and  give  the  thin  plate  a  chance 
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of  being  water-tight  with  ordinary  caulking.  The  end  attachment  was 
made,  in  the  style  shown,  to  keep  all  the  rivets  ontside,  and  avoid  the 
necessity  for  any  hand  holes  in  end  or  shell. 


EXPERIMENTS. 

No,  1  Model, — ^The  working  pressure  of  all  these  models  being, 
according  to  standard  rule,  80  lbs..  Model  No.  1  was,  after  completion, 
tested  and  made  tight  to  a  test  pressure  of  160  lbs.  before  any  measure- 
ments were  taken.  Five  circles  were  then  drawn  round  the  shell  as  shown 
in  Fig.  1,  Plate  XXV.;  these  were  marked  off  at  the  points  Oibi  ajb^y  etc.,  in 
order  that  the  extension  of  joint  might  be  observed  separately  from  the 
extension  of  solid  plate.  Measurements  were  taken  from  a  to  ^  across  the 
joint  by  a  pair  of  compasses,  and  from  h  to  a  round  the  shell  by  a 
steel  tape.  Pressure  was  raised  by  means  of  a  small  hand  test  pump. 
Measurements  of  joint  and  plate  were  taken  at  various  pressures  and 
are  given  in  Table  VIII.  (page  232),  the  pressure  being  reduced  to  0 
from  time  to  time.  Up  to  600  lbs.  pressure  the  model  was  not 
seriously  strained,  the  leakage  looked  considerable  but  the  amount 
could  not  have  been  great,  as  an  occasional  stroke  of  the  hand 
pump  was  sufficient  to  keep  the  pressure  constant  for  a  considerable 
time  while  all  the  measurements  were  made  and  checked  and 
recorded.  As  the  pressure  rose  above  this,  the  leakage  increased 
rapidly,  and  not  more  than  630  lbs.  could  be  got  with  the  hand  pump. 
At  this  pressure  the  joint  was  evidently  strained,  but  in  other  respects 
the  model  was  not  appreciably  altered.  The  experiment  was  then  stopped, 
the  joints  and  rivets  were  all  caulked  and  the  model  was  carried  into  the 
boiler  shop  and  connected  to  the  hydraulic  service  pipes.  Pressure  was 
raised  to  700  lbs.  by  a  pair  of  steam  pumps,  but  this  could  not  be 
increased  owin<^  to  leakage.  Two  other  pumps  were  then  coupled  on, 
but  were  still  unal)le  to  increase  the  pressure,  the  model  still  remaim'ng 
not  seriously  damaged.  A  connection  was  then  made  with  the  accumu- 
lator, and  the  pressure  rose  to  730  lbs. ;  the  form  of  model  visibly  altered, 
and  again  the  leakage  overpowered  the  whole  supply  of  water.  The  fonn 
taken  by  the  model  is  shown  by  the  dotted  hues  AB  in  Fig.  1,  Plate 
XXV.,  which  shows  a  decided  hump  near  to  each  end  and  a  slight  hollow 
in  between. 

Model  No.  2. — Was  tested  in  much  the  same  manner  as  No.  1.  The 
leakage  overpowered  the  hand  pump  at  550  lbs.  pressure;  joints  and 
rivets  were  then  caulked  and  model  connected  to  hydrauhc  service  pipes. 
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In  this  case  four  pumps  were  discharging  intx)  the  accumulator,  and  the 
pressure  was  admitted  from  thence  to  model.  Pressure  was  allowed  to 
increase  gradually  till  it  reached  680  lbs. ;  the  model  then  visibly  changed 
form,  and  the  leakage  overpowered  the  water  supply.  The  form  taken  is 
shown  in  Fig.  2,  Plate  XXV.,  which  closely  resembles  that  of  No.  1. 

Model  No,  3. — This  model  had  only  three  lines  drawn  on  it,  and  had 
not  been  tested  previous  to  the  experiments ;  it  was  therefore*  thought 
advisable  to  caulk  up  some  slight  leaks  which  showed  themselves  at 
250  lbs.  pressure.  This  was  done ;  the  pressure  was  then  increased  by  the 
hand  pump  to  550  lbs.,  when  the  leakage  balanced  the  supply  of  water. 
The  model  was  then  caulked  all  over  and  connected  to  the  accumulator. 
The  pressure  was  raised  (quickly  to  800  lbs. ;  at  that  pressure  the  joint 
broke  with  a  loud  report.  The  form  taken  by  the  model  is  shown  in 
Fig.  3,  Plate  XXV,,  the  two  outer  curves  showing  the  form  taken  by 
the  plate  all  round  the  circle,  except  in  the  immediate  region  of  the  joint, 
where  the  barrelling  is  most  pronounced,  as  shown  by  the  curve  at  centre 
of  Fig.  3. 

All  the  facts  and  figures  observed  during  the  experiments  are  given 
in  the  Tables  Nos.  VIII.,  IX.,  X.,  XI.,  and  XII.  (see  pages  232  to 
236),  and  drawings  (Plate  XXV).  But  facts  and  figures  are  of  little 
use  and  may  be  very  misleading  until  the  laws  which  govern  them 
are  understood.  And  if  the  author  could  give  a  clear  and  definite 
explanation  of  the  results  of  his  experiments,  he  would  fe^  that  he  had 
done  some  service;  but  he  fears  that  he  may  have  only  succeeded  in 
unsettling  established  principles  without  being  able  to  oflPer  anything 
definite  in  their  place. 

Although  he  has  not  been  able  to  deduce  a  clear  relation  between 
pressure  and  strain,  yet,  as  he  has  given  a  good  deal  of  attention  to  this 
problem,  and  made  some  steps  towards  its  solution,  he  has  recorded  the 
partial  solution  worked  out  by  him.  As  the  arguments  are  too  specula- 
tive to  affect  practical  work  he  has  given  them  in  an  Appendix  (page  225) ; 
and  he  now  only,  proposes  to  notice  a  few  facts,  to  prove  that  there  is  a 
problem  to  solve,  and  attempt  to  extract  some  practical  guidance  from 
these  experiments. 

In  the  first  place  he  would  like  to  call  attention  to  the  points  that 
appear  to  him  to  be  most  significant. 

No.  1  was  the  first  model  tested,  and  he  was  surprised  to  find  that 
the  first  measurable  alteration  was  a  contraction  at  the  joints.  This 
remarkable  result  is  not  easily  reconciled  with  the  theory  that  the  shell 
was  subject  to  a  uniform  tension  and  to  no  other  strain.    He  had  searched 
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through  many  records  of  tests  to  find  if  this  was  nnosual,  but  could  find 
very  little  directly  bearing  on  it.  Some  few  facts  pointed  to  a  similar 
action  in  other  cases,  but  they  were  too  indirect  for  quoting. 

The  next  point  worthy  of  notice  is  the  very  high  pressure,  730  lbs.  to 
the  inch,  sustained  by  this  model.  On  the  endless  ring  hypothesis  the 
breaking  strain  of  the  joint  would  be  reached  at  a  pressure  of  606  lbs. ;  its 
elastic  limit  at  a  pressure  of  828  lbs ;  the  elastic  limit  of  the  solid 
plate  being  586  lbs.  (See  Table  XL,  page  285.)  Those  who  are  familiar 
with  the  sudden  and  rapid  elongation  which  occurs  when  steel  of 
this  character  reaches  its  elastic  limit  will  probably  agree  that,  in  this 
experiment,  that  limit  had  not  been  reached  (at  any  rate  in  the  plate)  till 
the  pressure  was  about  700  lbs.,  and  had  not  been  much  passed  at  730  lbs. 

Another  curious  fact  was,  that  the  joint,  except  by  leakage,  did  not 
appear  to  have  suffered  more  than  the  solid  plate.  Fig.  4,  Plate  XXV., 
shows  the  form  of  the  model  at  the  place  where  it  was  most  strained.  It 
will  be  seen  that  this  is  very  nearly  circular,  and  should  be  compared 
with  Fig.  5,  Plate  XXV.,  which  shows  the  form  of  Model  No.  3,  in  which 
the  joint  and  the  plate  near  the  joint  show  signs  of  much  greater 
distress  than  the  rest  of  the  plate.  Seeing  that  the  joint  has  only  55  per 
cent,  of  the  strength  of  the  plate  against  circumferential  tension,  this 
behaviour  suggests  the  idea  that  plate  and  joint  were  not  bulged  by 
circumferential  tension,  but  by  a  radial  strain  acting  normally  to  the 
circumference. 

The  most  striking  result  is  the  feet  that  the  form  finally  assumed  was 
rather  hollow  in  the  centre.  Uniform  circumferential  tension  would,  one 
would  expect,  produce  a  straight  line,  or  one  rather  arched  like  that  of 
Fig.  3,  as  the  effect  of  ends  would  gradually  diminish. 

Even  a  strain  normal  to  the  circumference  which  bulged  up  the 
points  A  and  B  would,  if  acting  alone,  also  lift  up  the  line  between  A  and 
B  and  keep  it  parallel. 

The  form  exhibited  here  seems  then  to  indicate  a  distribution  of 
strain  in  the  shell  in  which  the  strain  increases  as  the  distance  from  the 
centre  increases. 

The  question  at  once  arises — Is  this  behaviour  singular  or  in  accord- 
ance with  general  law  ?  The  writer  has  not  been  able  to  find  much 
evidence  bearing  directly  on  this  point,  but  on  looking  through  tables  of 
boiler  explosions,  it  will  be  noted,  that  a  large  proportion  have  given  way 
at  the  end  scams.  The  experiments  made  last  year  by  Mr.  Scott,  at 
Greenock,  afford  the  most  beautiful  illustration  of  this  curious  phenome- 
non. It  will  be  noticed  that  the  short  cylinder,  No.  3,  has  hogged, 
while  the  longer  ones,  No.  1  and  No.  2,  have  sagged  at  the  centre. 
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Now,  bj  looking  at  Fig.  6,  Plate  XXV.,  which  is  laid  down  from 
the  dimensions  given  by  Mr.  Scott,  and  shows  the  form  assumed  by  his 
experimental  boiler  at  a  pressure  of  680  lbs.,  it  will  be  seen  that  each  of  the 
short  cylinders  between  the  seams  have  hogged,  but  that  the  cylinder  as 
a  whole  is  much  less  stretched  at  the  centre  than  at  the  ends.  This  form, 
strange  as  it  may  appear,  is  therefore  not  exceptional ;  it  reappears  in 
Model  No.  2,  but  not  in  No.  8. 

No.  8  was  the  second  model  tested.  Judging  from  its  behaviour 
under  pressures  obtained  by  the  hand  pump  it  appeared  to  be  decidedly 
weaker  than  No.  1 ;  still,  it  stood  10  per  cent,  more  than  the  breaking 
strength  of  joint  without  serious  damage.  When  connected  to  accumu- 
lator the  pressure  was  raised  very  quickly.  So  far  as  the  eye  could 
detect,  the  form  of  the  model  remained  unaltered  till  near  the  point  of 
rupture,  the  bulging  of  the  shell  and  the  bursting  of  the  joint  being  nearly 
simultaneous,  as  far  as  he  could  judge.  In  this  case  the  joint  and  the 
plate  near  the  joint  were  evidently  more  strained  than  the  rest  of  the 
plate.  The  radius  at  the  joint  was  about  14|  inches,  and  if  it  were  true 
that  the  strain  on  the  joint  was  radius  x  pressure,  then  this  joint  must 
have  ruptured  at  a  strain  about  77  per  cent,  greater  than  its  calculated 
strength. 

Model  No.  2  appeared  to  be  intermediate  in  strength  between  No.  1 
and  No.  3.  It  showed  that  the  form  assumed  by  No.  1  was  not  the 
result  of  accident,  but  of  some  general  law.  The  results,  being  interme- 
diate between  1  and  3,  serve  as  a  general  confirmation  of  both. 

The  writer  thinks  he  has  now  brought  forward  sufficient  evidence,  to 
prove  that  the  strength  of  cylindrical  boilers  is  still  an  unsolved  problem. 
And  he  repeats,  what  he  has  formerly  stated  before  this  Institution,  that  a 
true  solution  of  the  problem  will  apply  equally  to  boiler  shells  subject  to 
internal  and  to  flues  subject  to  external  pressure. 

The  generally  accepted  theory  which  treats  boiler  shells  as  endless 
rings  cannot  be  right,  and  is  not  even  an  approximation  to  the  truth  in 
these  experiments.  The  theory  proposed  by  the  author  last  year  cannot 
be  right,  or  No.  3  Model  would  have  stood  nearly  twice  the  pressure  of 
No.  1,  and  Nos.  1  and  2  would  not  have  jrielded  near  the  end  joint,  but 
at  these  joints.  Neither  of  these  theories  can  therefore  be  true,  they  both 
contain  an  element  of  truth  and  an  element  of  error.  The  first  theory 
appears  to  be  nearly  right  in  making  the  strength  of  boilers  dei)end  on  a 
ratio  between  diameter  and  thickness.  The  second  theory,  which  assumes 
that  the  strain  on  the  ends  is  not  a  small  factor  to  be  neglected,  is  con- 
firmed by  the  evidence  of  straining  near  the  ends.     If  these  ends  had 


2U 


ESPGKIMKSTS   OS   THE    CTREKGTII    OF   UOII^EKa. 


9 


been  cloBed  by  a  relatively  weak  tube  plate  fiiU  of  holes  instead  of  by 
thoH!  Btroug  plates,  it  is  tiie  author's  opinion  that  the  weak  tnbe  plates 
woblil  have  yielded  1.«fon:  the  plate  balged,  and  he  cannot  believe  that 
the  original  straight  linea  of  these  cjlindere  can  have  altered  to  either  of 
the  forms,  shown  in  Figs.  1  and  2,  or  Fig.  3,  Plate  XXV.,  without  being 
stretched  longitndinnUyi  or  that  they  could  stretch  longitudinally  without 
overcoming  a  gri-at  resistance,  which  shonld  be  added  to  the  reetslance  of 
plate  to  circumferential  Btretching.  If,  then,  the  errors  conld  be  elimin- 
ated, and  the  truth  contained  in  these  two  theories  combined,  a  true 
theory  might  be  evolved  from  the  process.  The  writer  does  not  think 
this  question  can  be  settled  by  mathematics,  but  a  few  experiments  made 
in  a  systematic  manner  would  probably  show,  ignite  near  enough  for  all 
practical  work,  what  pressure  can  safely  be  used  in  any  given  boiler. 

It  is  the  writer's  opinion  that  the  experiments  already  made  are 
sufficient  to  justify  some  alteration  in  oar  practice.  All  the  models 
referred  to  stood  a  pressure  of  more  than  540  lbs.  with  the  small  hand 
test  pnmp.  It  cannot  be  far  wrong  to  assume  that  this  pressure  had  not 
strained  them  beyond  their  elastic  limit.  It  would  therefore  be  perfectly 
safe  to  make  the  test  pressure  for  these,  two-thirds  of  5i'\  lbs.  =  360  lbs., 
and  the  working  pressure  one-half  of  that,  any  180  lbs,  Accoi-ding  to 
current,  practice  the  working  pressure  is  only  80  lbs.,  and  if  180  lbs,  is 
quitt  safe,  then  in  this  case  onr  rules  are  wrong  to  the  extent  of  126  per 
cent. 

If,  as  he  believes,  all  those  models  yielded  by  bulging  the  solid  plate 
and  Dot  by  tearing  the  joint,  then  it  follows  that  they  would  not  have 
been  stronger  if  the  joints  had  been,  as  in  boiler  work  they  generally  are, 
over  80  per  cent,  of  the  strength  of  the  solid  plate  instead  of  only  65  per 
cent.  With  a  joint  of  over  80  per  cent,  the  working  pressure  Would  be, 
according  to  present  practice,  about  120  lbs. ;  if  180  Ibe.  is  a  safe  pressure, 
then  in  such  a  case  the  error  in  the  present  rales  is  50  per  cent. 

The  working  pressure  of  these  models,  if  calculated  by  the  current 
rules,  only  substituting  the  strength  of  solid  plate  for  that  of  joint,  is 
about  150  lbs.  This  is  still  beiow  the  working  pressure  deduced  from 
experiment,  and  he  believes  that  it  would  now  be  quite  safe  to  take  the 
strength  of  solid  plate  as  our  basis  instead  of  the  joint,  to  keep  other 
constanti  unaltered,  and  arrange  our  riveting  with  a  view  to  tightness  and 
caulking,  without  any  regard  to  [)ercentage  of  strength,  provided  that 
percentage  was  not  reducid  below  55.  This  would  mean  that  wiih  the 
same  thickness  of  shell  plates,  the  pressure  might  be  inci^eased  25  per 
cent.,  or  that  the  same  pressure  might  be  earned  with  the  thickness  of 
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shell  plates  reduced  20  per  cent.  This  he  considers  a  result  of  some 
importance,  and  future  experiments  may  show  that  still  further  reduc- 
tions might  be  safely  made. 

Prom  a  practical  point  of  view  there  can  be  no  question  that,  with  the 
large  boilers  and  high  pressures  now  general,  any  reduction  in  thickness 
of  shell  plates,  which  does'not  involve  a  reduction  in  the  fector  of  safety, 
is  a  benefit.  If  an  inch  plate  is  enough  for  strength,  then,  for  many 
practical  reasons,  that  plate  is  better  than  a  plate  1^  inches  thick.  This,  of 
course,  does  not  apply  to  all  sizes  and  pressures.  Xo  one  would  think  of 
using  a  ^  inch  plate  for  a  steam  dome,  for  instance;  a  much  thicker  plate 
would  be  used  for  other  reasons,  entirely  apart  from  the  question  of 
strength.  Still,  it  is  weU  to  know  what  are  the  requirements  of  strength. 
Although  they  are  by  no  means  the  only  requirements  which  affect  our 
designs,  they  always  form  a  factor  in  the  case  about  which  it  is  better  to 
know  the  truth  than  to  be  contented  with  an  error. 

He  regrets  that  he  is  not  in  a  position  to  make  a  more  exhaustive  set 
of  experiments,  for  he  believes  that  there  is  a  rich  vein  of  discovery  in 
this  line.  These  experiments  seem  to  prove  that  our  present  rules  may 
be  wrong  to  an  extent  anything  between  50  and  125  per  cent.  It  also 
seems  to  him  that  our  rules  as  to  boiler  flues  are  simply  absurd.  It  is 
not  possible  that  their  strength  can  vary  inversely  as  their  length  ;  it  is 
quite  impossible  that  it  can  vary  as  the  square  of  their  thickness. 

Before  concluding  he  wishes  to  record  his  thanks  to  Mr.  Alexander*" 
Taylor,  for  sharing  the  expense  of  these  experiments ;  and  to  Messrs. 
B.  G.  Nichol,  J.  Sanders,  and  J.  F.  WaUiker,  for  making  and  recording 
the  measurements  given  in  these  tables  ;  to  Mr.  Burrell  for  tests  of  plates 
and  joints.  He  has  also  to  thank  his  employers,  Messrs.  the  Tyne  Boiler 
Works  Company,  Limited,  for  the  use  of  their  plant  and  machinery 
free  of  charge. 


APPENDIX. 

The  basis  of  the  author's  former  paper  on  this  subject  was  the  pro- 
position, that  if  a  cylinder  be  made  in  two  halves,  bolted  together  at  the 
centre,  as  in  Fig.  7,  the  tensile  strain  on  the  bolts  in  the  flanges,  due  to 
any  pressure  in  the  cylinder,  is  absolutely  independent  of  the  form  of 
the  vessel.  It  depends  only  on  the  area  of  A  B  C  D  and  the  pressure,  and 
remains  the  same  if  one  of  the  halves  of  the  cylinder  is  removed  and  re- 
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placed  by  a  flat  plate,  or  by  a  half  cvlintlcr  with  its  axis  at  riglit  angles 
to  the  bottom  half,  or  by  any  other  shaped  corer,  provided  that  cover  is 
strong  enough  to  transmit  the  prosanre  on  it  to  tbc  bolts. 

That  this  proposition  is  asinioatic  did  not  theu,  and  does  not  now. 
appear  lo  him  to  be  a  qnesdon 
''*l   '■  about  which  there  can  he  any 

difference  of  opinion  amongst  en- 
gineers. Neither  does  it  appear 
doubtful,  that  if  the  two  halves 
of"  this  vesBel  Wfre  joined  to- 
gether without  flanges,  by  the 
shell  and  end  plates  being  con- 
ttuuons,  that  the  stiuin  on  these 
plates  must  be  the  same  in 
amount  and  distribution  as  on 
the  bolts. 

To  one  saturated  with  the 
theory  that  the  strength  o  f  boiler 
shells  depends  only  on  their  re- 
BJataoce  to  circumferential  ten- 
sion, it  was  natural  to  infer, 
from  an  ai^ument  proving  that 
in  certiiio  cases  the  circumfer- 
ential tension  is  only  a  certain 
fraction  of  that  formerly  aa- 
aumed,  that  in  those  cases  the 
tbiclcne^B  of  shell  plate  might  be 
reduced  in  proportion  to  tlie  di- 
minished tension.  The  writer's 
experiments  have  proved  the 
errur  of  this  inference  which  he 
had  formerly  drawn.  He  is 
now  convinced  that  none  of  his 
models  yielded  primarily  to  circnmferential  tension,  but  to  other  strains 
not  hitherto  reckoned  on,  and  in  ways  which  he  did  not  anticipate  and 
cannot  now  calculate.  Whether  this  is  so  or  not,  there  are  some  reasons 
for  thinking  that  pressure  within  a  boiler  tends  to  stretch  the  end  plates 
as  well  as  the  shell;  and  there  are  good  reasons  for  suspecting  that  the 
contrary  assumption  is  not  true,  or  at  least  not  the  whole  tmth.  He 
therefore  proposes  to  trace  the  couseqnences  of  the  first  assumption  as  far 
as  he  can. 
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To  simplify  mattera,  suppose  a  cylinder  of  uniform  strength  through- 
out, without  any  joints,  the  end  plates  being  of  the  same  thickness  as  the 
shell  plates.  Ignoring  the  staying  of  end  plates,  and  confining  our  atten- 
tion to  strains  derived  from  the  shell  plate,  let  the  cylinder  be,  say,  20 
inches  long  x  20  inches  diameter,  subject  to  a  pressure  of  100  lbs.  to  the 
inch.  Let  it  be  further  assumed  that  the  thickness  of  the  shell  plate  is 
sufficient  to  transmit  any  strains  that  may  come  upon  it. 

Of  course,  it  cannot  be  questioned  that  a  uniform  circumferential 
tension  throughout  the  shell  plate — 

=  radius  X  pressure  =  10  inches  x  100  lbs.  =  1,000  lbs., 
would  exactly  balance  this  pressure  ;  but  an  essential  condition  of  this 
solution  is  that  the  shell  plate  must  be  free  to  stretch  uniformly  through- 
out its  length,  which  it  is  not,  so  long  as  the  ends  offer  any  resistance. 

If  A  C  B  D  (Fig.  8)  is  the  end  plate  of  this  cylinder,  any  pressure  trans- 
mitted to  it  from  the  shell  will  be  uniform  all  round  the  circumference. 

Fig.  8. 


if  this  pressure  is  p  lbs.  per  inch  acting  radially,  and  if  hlmn  is  a 
vertical  strip  in  this  plate,  the  vertical  component  of  the  radial  pressures 
on  the  curves  hi  and  mn  will  produce  a  tension  =  p  lb.  per  inch,  tend- 
ing to  stretch  the  strip  in  the  direction  of  its  length ;  and  in  the 
same  way  the  pressure  on  A  C  B  and  on  B  D  A  will  produce  a  uniform 
tension  =  p  lbs.  per  inch,  tending  to  split  the  plate  through  A  B,  or  to 
stretch  the  plate  in  the  vertical  direction.  This  is,  of  course,  true  for  all 
other  diameters. 

Again  if  ABC  D  (Fig.  7)  is  a  square,  the  strain  on  the  bolts  in  the 
flange  A  B  will  be  the  same  as  the  strain  on  the  bolts  in  the  flange  B  0. 
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In  the  same  way,  as  B  F  =  A  B  {Fig.  8)  the  section  throngh  the  cylinder 
IB  a  square,  the  strain  on  the  pkt«  E  P  will  be  the  some  in  amounl  and 
dietributiou  as  the  strain  on  the  plate  A  D.  It  has  been  proved  that  the 
Etrain  on  A  B  is  a  uniform  tension  ^  p  lb.  per  inch,  therefore  the  etrain 
on  K  F  is  also  a  anifcmi  unaion  =  }'  lb.  per  inch.  The  yreasuru  tending 
to  rupture  cylinder,  through  A  It  "and  E  F  =  20"  x  in"  x  100  lbs,  = 
40,000.  If  this  ia  resisted  hj  a  uniforra  tension  =  p  lb.  [K-r  inch  in  the 
tvo  sectiona  of  shell  plal«,  and  tlie  sections  of  the  two  end  plates,  then — 


40,000 


=  hm  lbs. 


}>  X  2(2(t'+  30')  =  40,000  lbs..  orp  = 

Aa  all  thu  central  sections  of  a  cylinder  are  alike,  it  may  be  eaid 
that,  under  the  asBumud  conditions,  100  lbs.  pressure  within  the  cylinder 
will  be  kilaDC«<d  by  a  uuifotm  circumferential  tension  in  the  shell  plate 
of  &CM)  Ibti.  per  inch  of  leogih.  and  a  nnjforui  shearing  strain  of  500  lbs. 
per  inch  of  circumference  at  the  junction  of  shell  with  ends. 

Now,  a  circamfereotial  tension  of  500  lbs.  per  inch  will  exactly  balance 
a  pieeanrc  of  60  lbs.  on  the  shell,  because  50  lbs.  x  radios  ^  50  Ibe. 
X  10  inches  =  500  lbs.  The  problem  may  therefore  be  divided  into  two 
parts.  TliG  shell,  considered  aa  as  endless  ring,  sustains  a  presenre  of 
50  Ibe.  \a}  the  inch,  and  considered  as  a  iteam  snpported  at  the  two  ends, 
it  also  sustains  a  pressure  of  50  lbs.  to  the  inch.  The  first  part  preaents 
no  difficulty;  the  second  part  is  not  so  simple,  but  still  some  steps  towarda 


i 


Fig.  9. 


\ 


its  sololion  can  be  taken. 

In  the  first  place  it  ia 
evident  that  in  this  beua 
the  bending  moment  in  enj 
direction,  say  TerticaUy  up- 
wards, due  to  preBsnie  on  the 
top  half,  is  esac%  balanced 
by  an  equal  and  opposite 
moment  due  to  the  prcsanre 
on  the  bottom  half,  and 
that  all  bending  moments 
cancel  each  other.  The 
nest  point  to  be  considered 

is  the  distribution  of  shearing  strains  thronghoat  the  beam: — 

A  B  C  D  is  the  outline  of  the  beam,  X  0  X  being  the  axis  of  the  cylinder, 

TOY  being  the  centra  of  the  length,  ahca  is  a  ring  2x  inches  wide  at 

centre  of  beam. 
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If  a  pressure  of  50  lbs.  per  inch  on  this  ring  is  transmitted  to  the  two 
ends  it  most  produce  a  strain  =  50  x  a;  on  each  inch  of  the  circum- 
ference of  the  two  circles  ac  and  hd.  This  pressure  acts  radially  and  tends 
to  shear  through  the  plate  all  round  the  circumference,  and  is  resisted  by 
the  resistance  to  shearing  of  the  plate.  The  shearing  stress  at  the  point 
A  will  be  50  lbs.  x  A  Y  =  50  lbs.  x  10  inches  =  500  lbs.  per 
inch  of  circumference.  If  A  E  =  500  lbs.  on  any  scale,  the  line  E  Y, 
(Fig.  9)  will  give  the  shearing  stress  at  any  point ;  thus  at  the  point  {a) 
the  stress  will  be  given  by  the  length  of  the  line  ae. 

Thus  if  any  pressure  is  transmitted  to  the  ends  of  the  beam,  it  will  be 
transmitted  as  a  shearing  stress  increasing  uniformly  from  0  at  the  centre 
to  a  maximum  value  at  the  ends.  The  same  result  would  be  obtained  if 
we  had  commenced  by  assuming  that  the  ends  offered  a  resistance 
=  500  lbs.  per  inch,  or  it  might  be  stated  as  a  particular  case  of  the 
general  law  of  shearing  strains  in  beams  uniformly  loaded. 

The  conclusion  arrived  at  is,  that  a  pressure  of  100  lbs.  per  square  inch 
in  this  cylinder  will  produce  a  uniform  circumferential  tension  in  shell 
=  500  lbs.  per  inch  of  length,  and  a  shearing  strain  on  the  shell  varying 
from  0  at  the  centre  to  500  lbs.  per  inch  of  circumference  at  the  two  eiids. 
The  result  of  these  strains  on  the  cylinder  is  the  next  thing  to  consider. 

Suppose  a  tension  of  500  lbs.  per  inch  would  stretch  the  shell  plate 

-th  part  of  its  length,  this  would  correspond  to  a  uniform  increase  in 

diameter  of  shell   =  -th  part  of  diameter.     And,  as  previously  stated, 

a  stress  of  500  lbs.  per  inch  applied  to  the  circumference  of  the  end  plates 
would  produce  a  tension  of  500  lbs.  per  inch  in  every  diameter  of  the  end 
plate,  as  the  end  plate  is  assumed  to  be  the  same  strength  as  shell  plate, 

this  tension  would  stretch  the  end  plate  -th  part  of  its  diameter,  and 

consequently,  as  both  shell  and  ends  would  be  increased  by  the  same 

amounts,  the  cylinder  would  remain  a  parallel  cylinder,  -th  part  greater 

in  diameter  than  before  pressure  was  put  on. 

Up  till  now,  it  has  been  assumed  that  the  pressure  is  such  that  any 
strain  produced  by  it  will  not  exceed  the  elastic  limit  of  the  resistance  of 
the  shell  to  that  strain.  But  if  the  pressure  is  increased  beyond  this 
limit  it  will  be  seen  that  the  distribution  of  strain  will  no  longer 
continue  as  above.  If  there  are  any  weak  points  in  any  structure,  say  a 
line  of  rivet  holes  in  a  boiler  plate,  the  strain  which  would  normally  be 
distributed  along  the  whole  line  is  concentrated  on  the  metal  left  between 
the  holes. 

voL.vn.— i«n.  ^  ^ 
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And  in  iihe  same  way  if  pi^eflBnie  within  a  cylinder  iB  reairtad  boA  bj 
the  redstanoe  to  shearing  and  the  radBtanoe  to  tension  of  ahdll  {date.  If 
one  of  these  resistances  fails  to  sustain  its  ncnrmal  share  of  the  pnaun^ 
then  the  other  will  have  to  sustain  more  than  its  share. 

Thns  if  A  &  G  D  (Fig.  10)  is  an  outlineof  the  cylinder,  XX  beugtheasiai 
e.^  t0%  the  normal  distribiition  of  aizBiiL 

'^•**'®*  bringB<ine4df«ffl«totolp«». 

sme  on  the  two  ends  and  the 
other  half  on  the  ring  as  teniioii. 
If,  now^  it  were  possiMe  to  riiear 
through  the  conneotioii  between 
shell  and  end  platos^  without 
allowing  the  pressore  to  esoapeiy 
&sa  &e  whde  of  the  ptesBuie 
wonld  come  at  once  on  the  ring^ 
and  the  pressnze  which  was 
formerly  prodncing  ahearing 
strain  wonld  then  prodnce  oir- 
cnmferential  tension.  Or,  again,  the  pressure  acting  on  A  B  might  find 
it  easier  to  bulge  the  cylinder  at  some  distance  fh>m  the  ends  than  to 
shear  through  it  at  the  ends.  If  the  shearing  stress  at  m  and  n  were 
greater  than  the  elastic  limit  of  the  resistance  to  shearing  at  these  pQint8» 
then  they  would  begin  to  bulge  rapidly,  but  they  could  not  bulge  with- 
out increasing  the  diameter  of  cylinder,  and  this  would  be  resisted  by 
the  circumferential  strength  of  plates,  and  as  the  resistance  of  the  ends 
decreased  the  strain  on  shell  as  a  ring  would  inci*ease.  If  the  pressure 
could  be  increased  after  the  shell  began  to  bulge  near  the  ends  the  decreas- 
ing support  from  the  ends  and  the  increasing  strain  on  the  ring  would 
cause  the  crest  of  these  bulges  to  travel  towards  the  centre,  and  give  the 
barrel  form  which  was  assumed  by  Model  No.  3. 

In  this  connection  it  is  instructive  to  notice  that  in  Mr.  Scott's 
experimental  boiler  the  form  shown  in  Fig.  6  may  be  observed  getting 
gradually  more  pronounced  as  the  pressure  rises  to  580  lbs,,  where  the 
structure  was  evidently  strained  up  to  or  beyond  its  elastic  limit,  and  that 
the  next  increment  of  pressure  destroyed  this  form  by  greatly  increasing 
the  bulge  on  centre  course,  a  result  probably  due  to  the  fact  that  the  end 
courses  were  unable  to  transmit  any  more  pressure  to  the  ends,  and 
therefore  the  additional  pressure  only  increased  the  circumferential 
tension. 
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Such  a  distribution  of  strain  is  consistent  with,  all  the  results  of  these 
experiments.  If  the  circumferential  tension  is  much  less  than  that 
ordinarily  assumed,  it  can  be  easily  seen  how  all  these  models  stood  a 
much  greater  pressure  than  can  be  accounted  for  on  that  assumption. 
It  accounts  for  the  form  taken  by  Models  Nos.  1  and  2.  And  if  in  No.  3 
the  plate  had  begun  to  yield  in  a  similar  manner  at  an  equal  distance 
from  its  ends,  as  in  the  longer  models,  it  can  be  easily  understood  that  as 
the  distance  between  these  points  would  be  very  small  the  additional 
strain  brought  on  the  short  ring  between  these  two  humps,  by  the  ends 
foiling  to  transmit  their  proportion  to  the  ends,  would  produce  the  barrel 
form  that  was  produced.  And,  as  in  this  case  the  pressure  was  applied 
yery  quickly,  and  the  space  for  leakage  was  very  small,  it  was  possible  to 
follow  up  the  yielding  ends  until  the  joint  at  the  centre  burst,  a  result 
which  could  only  be  obtained  where  the  supply  of  water  was  enormous  in 
comparison  with  the  size  of  vessel. 

A  strain  of  this  character  tending  to  increase  the  diameter  of  the  ends 
more  than  the  centre,  if  the  resistance  of  the  ends  to  increase  of  diameter 
was  greater  than  the  resistance  of  centre  to  contraction,  might  account 
for  the  contraction  observed  in  Model  No.  1. 

If  Nos.  1  and  2  were  destroyed  by  a  strain  normal  to  the  circum- 
ference this  would  account  for  the  fact  that  the  solid  plates  suffered  as 
much  as  the  weak  joint,  a  feet  not  easily  explained  if  circumferential 
tension  were  the  strain  that  destroyed  these  models. 

The  only  fact  not  explained  by  this  hypothesis  is  that  these  models 
yielded  near  the  end  and  not  at  the  ends.  If  the  reason  why  these  plates 
foiled  to  transmit  more  than  a  certain  strain  to  the  ends,  and  the  limit  of 
their  resistance  were  known,  the  problem  would  be  solved. 

In  conclusion,  the  writer  considers  he  is  justified  in  assuming  that 
in  any  boiler  working,  as  all  boilers  ought  to  work,  at  a  pressure 
much  below  its  elastic  limit,  the  pressure  is  not  balanced  solely 
by  circumferential  tension  in  the  shell  plate,  but  is  uniformly 
distributed  over  any  central  section  through  shell  and  ends.  That  this 
distribution  of  strain  will  continue  until,  as  in  these  models,  the  elastic 
limit  of  resistance  to  shearing  has  been  exceeded.  After  which,  the  pro- 
portion of  pressure  balanced  by  circumferential  tension  will  be  increased ; 
but  it  can  never  be  the  sole  resistance  until  the  connection  between  shell 
and  ends  has  been  entirely  destroyed. 
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NOfiTH-EAST  COAST  INSTITUTION  OF  ENGINEERS 

AND   SHIPBUILDERS. 


Seventh  Session,  1890-91. 


PROCEEDINGS. 


SEVENTH  GENERAL  MEETING  OP  THE  SESSION,  HELD  IN  THE 
LECTURE  HALL  OF  THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY,  NEWCASTLE-UPON-TYNE,  ON  MONDAY  EVENING, 
MARCH  9th,   1891. 


P.  C.  MARSHALL,  Esq.,  Past-Pbesident,  ly  the  Chair. 


In  the  absence  of  the  Secretary  from  indisposition,  Mr.  H.  S.  Wallace, 
Assistant  Librarian,  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Sunderland,  on  February  20th,  which  were  approved  by  the 
members  present,  and  signed  by  the  Past-President. 

The  ballot  for  new  members  having  been  taken,  the  Past-President 
appointed  Messrs.  M.  Sandison  and  J.  C.  Stirzaker  to  examine  the  voting 
papers,  and  the  following  gentlemen  were  declared  elected : — 

MEMBERS. 

Brown,  James,   Engineer,  c/o  Messrs.  Martinez  Rivas  k  Palmer,  AstiUeros  del 

Nervion,  Bilbao,  Spain. 
Evans,  Charles,  Engineer  Draughtsman,  c/o  Messrs.  Wigham  Richardson  &  Co., 

Neptune  Works,  Walker-on-Tyne. 
Greig,  David  William,  Engineer  Draughtsman,  31,  Westmorland  Road,  Newcastle- 

on-Tyne. 
Kendall,  Stonard  0.,  Ship  Draughtsman,  Messrs.  Sir  W.  G.  Armstrong,  Mitchell, 

A  Co.,  Walker;  17,  Eversley  Place,  Heaton,  Newcastlc-on-Tyne. 
Nicholson,  James  Day,  Manager,  Messrs.  Mercantile  Dry  Dock  Co.,  Jarrow-on- 

Tyne. 
Stansfield,  George  R.,  Supt.  Engineer,  Aberdare  Terrace,  South  Shields. 

TOL.  vii.^iwi.  F  F 


DIKCU8SI0N — SCREW   PROPELLER.  ?.S0 


ADJOURNED  DISCUSSION  ON  MR.  A.  BLECHYNDEN'S  PAPER 
ON  "THE  INFLUENCE  OF  THE  RELATIVE  DIMENSIONS 
AND  PROPORTIONS  OF  THE  SCREW  PROPELLER  ON 
THE  VESSEL'S  PERFORMANCE." 

Mr.  B.  6.  NiCHOL  said  that  Mr.  Weighton  had  thoroughly  prepared  him- 
self to  re-open  this  discussion,  but  his  continued  illness  made  that  impossible. 
With  that  drawback,  he  rose  with  great  pleasure  to  re-open  the  discussion 
on  Mr.  Blechynden's  paper,  on  '*  The  Influence  of  the  Relative  Dimensions 
and  Proportions  of  the  Screw  Propeller  on  the  Vessel's  Performance," 
which  had  cost  so  much  time,  so  much  thought,  so  much  labour,  and  had 
been  so  thoroughly  well  wrought  out.  He  thought  it  would  be  of  great 
value  to  the  members  of  that  Institution,  and  engineers  and  shipbuilders 
generally.  In  testing  the  evaporative  power  of  any  boiler  they  usually 
drew  some  datum  line,  though  the  feed-water  might  enter  very  much 
below  212  degs.,  and  though  the  point  of  evaporation  might  be  very  much 
higher  than  that,  over  400  degs.  probably.  They  always,  in  estimating 
the  efficiency  of  one  steam  generator  as  compared  with  another,  brought 
the  temperature  to  a  common  datum  line.  In  this  paper  the  same 
method  seemed  to  have  been  adopted  by  the  writer.  There  were  a  great 
many  factors  to  be  taken  into  consideration  in  an  estimation  of  the  effi- 
ciency of  the  screw,  and  Mr.  Blechyndea  had  evidently  brought  all 
propellers  down  to  one  datura  line,  a  line  suggested  by  the  results  of  very 
great  numbers  of  experiments  which  he  carried  out  some  time  ago,  and 
laid  before  them.  The  pitch  ratio  of  his  standard  screw  is  1^  diameters,  a 
very  common  ratio  in  their  ocean-going  steamers,  and  it  appeared  to  him 
to  be  wise  to  bring  all  his  experiments  to  the  same  ratio.  In  the  same  way 
surface  area  was  dealt  with.  A  very  common  proportion  was  about  38  per 
cent,  of  the  disc  area,  and  he  also,  it  was  to  be  observed,  had  adopted  38  per 
cent,  surface  ratio  for  his  standard  screw.  Thus,  from  the  variations  which 
occurred  during  the  experiments,  he  was  enabled  to  evolve  certain  laws 
which  would  take  account  of  different  pitch  ratios,  different  quantities 
of  slip,  and  different  amounts  of  surface  area.  Subsequently  he  (Mr. 
Nichol)  noted,  Mr.  Blechynden  had  taken  a  very  large  number  of  steamers 
as  near  as  possible  conforming  to  those  proportions  for  comparison,  and 
to  his  mind,  the  agreement  between  these  and  the  experimental  results 
was  really  wonderful.  After  having  done  this,  they  had  a  further  series 
which  differed  in  speeds,  pitches,  and  slips  from  the  standard.       These 


> 
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liad  all  been  by  the  laws  evolved  in  his  eiperimentB,  comparfid  with  the 
normal  propeller,  and  it  waa  very  gratifyinE  to  find  the  results  a,pproxi- 
nutiiig  BO  doselj  a,t  they  did.  They  had  in  this  series  of  tables  one 
which  gave  t^em  tbe  value  of  the  different  pitch  ratios  and  surface  areas 
and  alwajB  differing  nmonnts  of  slip.  It  might  here  be  noted  that  in  the 
first  table  the  appaffnl  slip  was  different  from  that  stated,  but  of  coarse 
that  took  into  aooomit  the  wake  factor  of  the  steamer.  He  (Mr,  Nichol) 
thought  in  order  to  make  that  paper  perfect  and  useful  in  the  hands  of 
all  engineers,  some  general  comprehensive  rale  might  be  evolved  from 
these  tabl^  which  would  embruce  every  case.  Tbey  a1!  konw  that  were 
all  ships  of  one  model,  one  design,  all  on  the  same  lines,  thongh  different 
in  size,  and  all  to  go  at  the  same  speed,  it  would  be  very  easy  to  frame  a 
mie  to  give  the  propeller  of  masimnm  efficiency  in  all  cases :  but  the 
differenoee  between  their  torpedo  vessels,  swift  cmisei's,  Atlantic  liners, 
and  ordinal;  cargo  vessels  were  so  great  that  of  course  there  was  oquallj 
great  diversity  in  the  screws,  and  consequently  great  difficulty  in  finding 
a  rule  to  cover  every  oaac.  He  thought  from  the  comprehensive  grasp  of 
the  subject  which  had  been  shown  in  the  paper,  that  there  could,  with 
some  little  difficulty,  perhaps,  be  evolved  acomiirchcnsivenile  that  might 
be  of  fwrly  general  n,pplicatioD,  and  as  Mr,  BSechjnden  would  be  amongst 
them  that  night  he  hoped  he  wonld  iiave  an  opportunity  of  replying,  and 
that  be  would  be  able  to  furnish  them  with  sucb  a  rule  as  to  be  of  i^neral 
benefit.  He  (Mr.  Nichol)  thought  they  should  all  highly  appreciate  the 
efibrts  of  Mr.  Blechynden  and  set  a  high  value  on  his  paper. 

Mr.  David  Myles  agreed  very  much  with  what  Mr.  Nichol  had  just 
said  about  the  value  of  this  paper.  He  was  only  sorry  that  Mr.  Nichol 
was  so  entirely  laudatory.  It  would  be  much  better  if  they  tried  to  do 
something  to  improve  the  paper,  or  to  call  attention  to  some  points  abont 
which  they  might  have  some  doubts,  with  a  view  to  having  those  donbts 
removed.  On  page  184  the  author  gave  some  particulars  of  propellers 
where  bi-onzc  blades  were  substituted  for  steel  blades,  and  stated  that  in 
tbe  actual  working  those  blades  yielded  to  the  pressure  in  such  a  way  as 
to  increase  the  pitch  of  the  propeller.  Well,  he  did  not  know  that  the 
author  was  altogether  justified  in  assuming  the  apparent  increase  of  pitch 
as  being  due  to  yielding  of  the  bronze  blades.  He  (Mr,  Mylea)  snpposed 
it  was  all  an  assumption ;  but,  at  any  rate,  as  those  bronze  blades  would 
be  thinner,  and  have  a  finer  surface  than  the  steel  ones,  they  would  nlove 
more  smoothly  through  the  water,  and  disturb  it  leas  than  the  thicker 
cast  steel  blades,  and  thus  leave  the  propeller  a  more  solid  body  of  water 
to  work  in,  and  that  would  have  something  to  do  with  the  incretued 
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efficiency  of  the  bronze  blades.  Again,  he  did  not  quite  see  how  the 
blades  would  be  expected  to  yield  to  the  pressure  in  such  a  way  as  to 
increase  the  pitch  of  the  propeller.  He  thought  it  must  depend  a  good 
deal  upon  the  distribution  of  surface  relative  to  some  centre  line.  He 
thought  the  surface  of  the  blades  might  be  disposed  in  such  a  way  that 
instead  of  increasing  the  pitch  of  the  propeller  it  would  diminish  it,  and 
he  (Mr.  Myles)  had  heard  of  a  case  where  that  really  took  place ;  the 
blades  were  rather  thin  and  yielded,  the  engine  started  to  run  away 
fester,  and  the  ship  really  went  slower.  Then,  on  page  186,  the 
author  spoke  about  the  average  percentage  of  slip  as  varying  from 
about  20  per  cent,  up  to  as  high  as  35  per  cent.  That  seemed  a  very 
high  percentage  of  slip ;  it  might  be  right,  but  it  seemed  to  him  very 

high.    He  knew  of  some  propellers  made  in  which  the  average  percentage 

Di  y3 
ran  about  6  to  7  per  cent.,  but  the   .  tt  p    coefficient  was  very  low  in 

these  boats,  and  it  might  have  been  that  the  slip  was  below  that  required 
for  the  maximum  efficiency  of  the  propeller.  He  would  like  if  some 
other  speakers  would  give  their  opinion  on  that  point.  On  page  190  the 
author  gave  a  table  of  the  saving  that  would  result  from  a  properly  pro- 
portioned propeller.  Of  course  there  would  be  a  saving  on  a  pro|)erly 
proportioned  propeller,  but  he  thought  that  the  saving  claimed  by  the 
author  was  too  good  to  be  true.  He  was  not  in  a  position  to  check  it, 
but  it  seemed  rather  bigger  than  one  could  really  get.  He  quite  agreed 
with  anything  anyone  could  say  as  to  the  value  of  this  paper,  and  hoped 
the  result  would  be  that  some  one  would  be  able  to  frame  a  formulae  some- 
thing on  the  lines  indicated  by  Mr.  Nichol. 


REPLY  TO  DISCUSSION  ON  PAPER  ON  SCREW 

PROPELLER. 

Mr.  Blechyxden,  who  had  not  been  present  at  the  discussion  of  his 
paper  that  night,  and  had  unfortunately  mislaid  the  proofs  of  the 
remarks  made  by  the  two  speaker  at  the  previous  meeting,  said  he  felt 
considerable  difficulty  in  replying  to  what  he  had  not  had  the  pleasure  of 
hearing,  but  that  he  would  endeavour  to  do  his  best,  and  proceeded  to 

reply. 

(The  proofs  of  the  remarks  made  hij  the  varwvji  s])ealcers  on  Mr. 
BUchynden^s  paper  haviny  been  hmided  to  him,  Mr,  Blerhijnden  has 
thought  fit  to  re-ivrite  his  reply  ^  and  the  foUowimj  communiration  hm  been 

m 

received  from  him. — Editor.  . 
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few  members  of  the  Institution  who  are  not  fully  acquainted  with  the 
tow-rope  literature,  and  probably  few  who  will  not  also  recognise  that 
Dr.  William  Proude  never  gave  utterance  to  that  with  which  he  seems 
credited  in .  the  sentence,  "  Mr.  Froude  had  enumerated,"  etc.  The 
speaker  is  equally  unfortunate  in  his  grasp  of  the  subject  in  attempting 
to  illustrate  the  "  methods,"  and  has  mistaken  the  speed  of  the  ship  for 
the  speed  of  the  screw's  advance,  with  the  result  that  he  finishes  up  with  a 
screw  about  4 J  feet  too  large  in  diameter.    Let  us  try  again : — 

Indicated  horse-power...         ...         ...         ...       800. 

Speed  of  ship  ...        ...        ...         ...        ...  9  knots. 

E  for  35  per  cent,  total  slip,  and  1*25  pitch  ratio      350. 

Visible  slip,  say  ...         ...         ...         ...         15  per  cent. 

And  screw's  advance  (A)        10*6  knots. 

Then 


Diameter  =     /^2^^^^     /''' ^f''    =  15>3. 

V  A^  V         10*63 

The  question  asked  anent  Fig.  4,  Plate  XXII.,  will  be  found  fully 
answered  on  page  183,  where  reference  is  made  to  that  diagram,  but 
doubtless  it  must  be  given  somewhat  more  attention  than  the  speaker 
seems  to  have  given  other  parts  of  the  paper.  His  tabulated  results  of 
performances  given  seem  highly  creditable  and  ought  to  be  a  source  of 
great  satisfaction  to  owners  and  builders. 

The  wakes  given  in  Table  IV.  are  not,  as  Mr.  Hok  supposes^  calculated 
from  the  performances  of  the  model  screws.  In  such  a  case  the  table  would 
simply  show  that  A  was  equal  to  B,  because  B  had  been  made  equal  to  A. 
The  wakes  were  determined  from  the  model  trials  of  the  vessels.  The 
vessel  A  for  example  is  the  "  City  of  Rome,"  the  particulars  of  the  screw 
are  taken  from  the  recorded  measurements  in  the  makers'  works ;  the 
figures  in  the  first  three  columns  under  trial  are  from  the  vessel's  pro- 
gressive series ;  the  wake  was  determined  by  the  late  Dr.  Froude  when  he 
made  experiments  with  the  model ;  the  total  slip  as  fraction  of  A  is  found 
by  dividing  the  sum  of  the  speeds  of  wake  and  apparent  slip  by  A ;  K  is 
taken  from  the  diagram  (Fig.  1,  Plate  XX.)  for  the  piteh  ratio  1'392  and 
the  slip  '338 ;  B  is  unity,  because  the  blade  was  equivalent  to  the  standard 
type ;  C  is  such  a  modulus  as  would  be  expected  from  the  type  of  engine 
and  its  mean  pressures,  and  is  the  most  unsatisfactory  factor  of  all,  because 
there  were  no  diagrams  taken  at  a  sufficiently  low  speed  to  accurately 
determine  the  engine's  friction ;  the  calculated  horse-power  is  that 
estimated  as  necessarily  indicated  on  the  engine  to  work  the  screw  with 
its  known  speed  and  slip;  and  the  actual  horse-power  was  what  was 
determined  by  diagrams  taken  from  the  engine.     When  working  under 
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these  oon^tions  tbe  screw  was  cotistratned  to  move  with  the  ascertained 
qieeda  ot  advuuce  and  slip  by  virtue  of  its  attachment  to  the  ship  whose 
TesutancQl,  direct  tiixl  callateml,  it  b»d  to  oFercomu  in  doing  so.  What 
the  relative  or  actual  vahius  of  these  individual  rcaiBtaiices  were  it  is  not 
neoeeBBiy  to  know  for  the  pnrj)oseB  of  tliQ  t^hh,  im  the  power  iieeessuty 
to  oreroome  tliom  mid  the  engine's  friction  is  known. 

I  fully  agree  with  Mr,  Httk  that  no  treatise  on  screw  pi-opnlaion  can 
beoonsideredcompieft- witliont  afulldiscuaaion  of  the  details  of  thescrew'e 
inflnence  in  anpTuentiii^  the  net  rooistanoe  of  tbe  vesael,  tbe  return  uf 
power  by  the  wake.  etc. ;  but  doubtless  he  hag  realised,  like  most  pme- 
tical  men,  thut  in  eveiyday  work  siinplicity  is  a  viitue,  nnd  until  we 
know  maoh  mon:  about  the  subject  I  prefer  the  simple  method  of  deter- 
miDiDg  tile  pn)|)ortioiia  »f  tuoximum  efficiency  indicated  in  the  paper  and 
illustrated  in  Fig.  (!,  Platti  XXIII. 

Mr.  Hdk's  attempt  at  generalisation  is  most  interesting,  but  it  still 
requires  something'  more.     The  pro|K>rtiona  of  the  vessel  have  a  good 

deal  to  do  with  the  beat  ratio  of  disc  as  well  oa  -yr-     The  vessels  whose 

resaltsare  plotted  for  speeds  of  '75  s/L;  -85  vT7and  1-05  v'L  may  for 
this  purpose  be  repanltd  as  simihir ;  not  so,  however,  those  of  T^ble 
v.,  which  ape  veiy  fall.  For  the  liner  vesHclH  the  simple  relation, 
rw^ =  300  ia  the  condition  of  maximum  efliciencj  for  all 

speeds,  and  for  fuller  vessels  the  constant  is  approximately  inversely 
proportional  to  the  coefficient  of  lines. 

I  shall  he  very  pleiised  to  furnish  the  further  particulars  of  the  vessels 
of  Table  V.  (pa<re  188). 

My  rciison  for  accepting  tiie  prismatic  coefficient  as  the  "better  guide 
to  fineness  will  be  best  understood  by  an  exaggerated  example.  Take 
two  bodies,  A  and  B,  which  we  shall  treat  as  ships,  of  which  the  block 
coefficient  is  in  each  case  -5. 


they  t) 


Block  eoePHdent,  -6 ;  priamatk  coefficient,  -6. 
The  prismatic  coefficient  indicates  that  A  has  fine  water  lines,  and 
that  B  has  square  ends,  while  so  far  as  the  block  coefficient  is  concerned 


!;bt  both  be  alike. 
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I  must  thank  my  friend,  Mr.  Nichol,  for  liis  kindly  remarks.  I 
know  of  old  his  desire  for  a  propeller  formula,  and  the  amount  of  labour 
he  has  expended  in  the  endeavour  to  discover  one.    But  I  believe  such  a 

B 


Block  coefficient,  *5 ;  prismatic  coefficient,  1  '0. 

thing  as  he  hopes  for  a  practical  impossibility,  as  each  particular  type 
of  ship  affects  the  question.  The  results  of  Fig.  1,  Plate  XX.,  are 
covered  by  a  formula  which  has  also  wide  application  in  practice,  but 
without  entering  upon  lengthy  explanations  it  would  be  unwise  to  give 
it  at  the  present. 

Mr.  Myles,  while  speaking  of  the  bending  of  blades,  very  properly 
calls  attention  to  the  fact  that  the  blade  may  be  so  formed  as  to  have  the 
pitch  decreased  in  working.  But  such  is  not  usual,  and  was  not  the  case 
with  those  given  as  examples.  I  trust  that  the  following  may  satisfy  him 
that  my  conclusions  on  this  matter  are  warranted : — 

1. — ^The  difference  of  the  friction  between  bronze  and  steel  or  iron 
blades  when  the  blades  are  smooth  castings,  and  are  painted,  is 
practically  nt7,  and  cannot  account  for  the  difference.  As 
usually  made  by  good  makers  there  is  very  little  difference 
between  the  two  classes  of  surfaces,  even  as  they  come  from  the 
foundry. 
2. — The  effect  of  a  thick  blade  of  the  section  generally  adopted  in 
propellers  is  to  increase  the  working  i)itch  over  that  given  to 
the  face  of  the  blade,  as  Mr.  Myles  will  find  if  he  makes  such  a 
section  and  holds  it  or  tows  it  by  means  of  a  string  against  a 
stream.  The  following  sketch  illustrates  the  direction  it  takes 
relatively  to  the  stream  : — 


Arrows  show  direction  of  stream. 

Thus  the  substitution  of  thinner  blades  should,  so  far  as  their 
mere  thickness  is  concerned,  tend  to  decrease  the  effective 
pitch  and  allow  the  screw  to  rotate /«5/er,  and  not  slower  as  was 
shown  to  be  the  case. 

3. — A  plate  twisted  like  a  propeller  blade,  when  treated  as  a  lever  and 
loaded  sufficiently  to  deflect,  loses  its  twist,  in  other  words 
increases  in  pitch.     This  has  been  tried  and  found  so. 

VOL.  yzi..i8»i.  ^  ^ 
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4. — Wlieru  bronze  blades  are  made  so  weak  as  to  take  permanent 

Bet  iu  working,  it  is  found  on  measurement  that  the  pitch  is 

increased.     A  very  marked  case  of  this  kind  has  recently  come 

to  my  knowledge  in  a  large  Atlantic  liner. 

In  his  remarks  on  slip  it  woold  appear  as  if  he  had  confused  apparent 

with  total  slip.    The  35  per  cent,  spokeu  of  iu  the  total  slip  and  includes 

the  wake,  besides  what  is  usually  spoken  of  as  the  slip.     For  example 

take  the  vessel  G,  of  Table  IV.,  its  total  slip  is  35  per  cent,,  but  its 

apparent  slip  is  only  -^1- — -   x  100  =  19'G  per  cent.,  and  in 

the  case  of  No.  10,  Table  VII.  (page  191),  whose  total  slip  is  3-t"5  per 
cent.,  the  apparent  slip  is  only  14*5  per  cent. 

In  regard  to  the  saving  estimated  on  page  190,  by  a  better  propor- 
tioned screw,  Mr.  Myles  should  obserre  that  it  is  the  Ba\-itig  as  between 
Nos,  2  and  15, 16,  and  17,  and  is  consequently  not  overstated,  but  on  the 
contrary,  it  could  be  shown  that  insofRcient  credit  has  been  taken  for  the 
possible  reduction  of  the  weight  of  machinery  due  to  the  increased  speed 
of  revolotion. 

In  conclusion,  it  is  but  right  to  state  that  this  conununi cation  wonld 
not  have  been  written  had  the  means  of  making  the  expefimenta  referred 
to  not  been  furnished  by  my  late  enterprising  employers,  Messrs. 
R.  &  W.  Hawtbom,  through  Mr.  Marshall.  I  have  also  much  pleasure 
in  aoknowlftiigiiit,'  tlie  kind  nnd  willing  nssistance  rendered  me  by  Mr. 
James  Andrews  in  checking  many  of  the  calcolations  in  the  paper. 
PAKTICULAUS  OF  VESSELS  OF  TABLE  V.  REQUESTED  BY 
MR.  HOE. 
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The  Past-President  (Mr.  F.  C.  Marshall)  said  he  would  now  ask 
tihem  to  accord  Mr.  Blechynden  their  thanks  for  this  very  interesting 
»nd  valuable  paper.    This  was  the  second  paper  Mr.  Blechynden  had 
cjontributed  on  the  subject  of  screw  propellers,  and  he  must  say,  that  the 
literature  on  that  subject,  although  already  very  extensive,  had  received 
a  very  great  accession  from  the  care  and  experience,  and  the  experiments 
which  their  esteemed  colleague,  Mr.  Blechynden,  brought  to  bear  upon  it. 
He  (the  Past- President)  had  something  to  do  with  the  original  experi- 
ments which  Mr.  Blechynden  undertook  while  with  hipi,  and  he  must 
say  they  were  conducted  with  the  greatest  care  and  with  very  perfect 
accuracy,  and  he  (the  Past-President)  knowing  the  tank  arrangements  in 
which  the  experiments  were  conducted,  could  not  for  one  moment  admit 
that  there  was  anything  in  the  arguments  used  that  night  as  to  the 
moving  of  the  water  by  the  propeller,  instead  of  the  moving  of  the 
propeller  through  the  water,  he  could  not  see  that  that  would  in  any 
sense  vitiate   the  results  arrived   at.      The  results  were  all  relative 
and  what  was  good  for  one  propeller  was  equally  good  for  another, 
and  the  relations  of  the  diameter  to  pitch  were  equally  affected  in  one 
case  as  in  another,  and  he  believed  those  experiments  were  perfectly 
reliable  data  from  which  to  work  out  a  rule  for  propellers  when  they  could 
arrive  at  it.     Whether  they  had  arrived  at  any  satisfactory  rule  for  the 
making  of  propellers  was  still  an  open  question,  he  ventured  to  submit ; 
but  they  were  very  much  obliged  to  Mr.  Blechynden  for  having  pointed 
out  the  direction  in  which  they  must  go,  and  for  the  results  and  valuable 
data  he  had  brought  together   in   this  paper  as  the  outcome  of  his 
experience.     He  need  not  tell  them  that  that  experience  was  very  large, 
and  therefore  very  valuable.    They  were  very  much  obliged  indeed  for 
the  trouble  he  had  taken,  for  having  contributed  this  paper  to  their 
Institution  specially,  and  they  valued  his  friendship  and  interest  very  highly. 
He  was  quite  sure  that  anything  Mr.  Blechynden  could  do  in  the  ftiture 
to  further  elucidate  and  develop  the  subject  he  would  do,  and  they  might 
always  rely  upon  it  being  of  great  value.     He  thought  he  ought  further 
to  say  how  much  they  were  indebted  to  Mr.  Blechynden  for  coming  there 
from  Barrow  to  speak  to  them.     He  tendered  him  their  thanks  for  the 
labour  he  had  bestowed  on  the  subject. 

The  resolution  was  carried  by  acclamation. 


i. 
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MR.  J.  T.  NICOLSON'S  PAPER  "ON  THE  STRENGTH  OF 
SHORT  FLAT-ENDED  CYLINDRICAL  BOILERS." 

The  Past-President  observed,  in  connection  with  the  paper  by  Mr. 
John  T.  Nicolson,  that  if  he  might  venture  a  remark,  having  just  seen  the 
paper,  it  seemed  very  scholarly  and  elaborate,  perhaps  requiring  more  of 
the  class  room  element  than  was  generally  to  be  found  in  their  meetings. 
Mr.  Nicolson  had  evidently  bestowed  a  great  amount  of  attention  to  the 
subject.  He  was  very  well-known  to  some  of  them,  having  served  his 
apprenticeship  with  him  (the  Past-President).  Mr.  Nicolson  was  now 
occupying  a  prominent  position  in  Cambridge  University,  and  he  knew 
he  only  feebly  expressed  their  sentiments  in  according  to  him  their  hearty 
thanks  for  his  paper;  and  having  met  with  their  approval,  that  it  should 
pass  into  the  records  of  their  proceedings.  He  begged  to  move  that  their 
best  thanks  be  given  to  Mr.  Nicolson  for  his  paper. 

This  proposal  was  cordially  accepted. 


DISCUSSION  ON  MR.  J.  C.  SPENCE'S  PAPER  ON  THE  "  RESULTS 
OF  EXPERIMENTS  ON  THE  STRENGTH  OF  BOILERS." 

The  discussion  on  the  paper  on  the  above  subject  was  opened  by  Mr. 
Stirzaker.  He  said  he  thought  none  of  them  would  doubt  the  value  of 
Mr.  Spence's  experiments,  or  the  accuracy  with  which  he  had  recorded  the 
results ;  but  many  of  them  would  have  great  doubts  as  to  the  accuracy 
of  the  deductions  which  he  drew  from  them.  Mr.  Spence  claimed  that  his 
experiments  proved  the  fallacy  of  their  present  method  of  calculating  the 
strength  of  boilers  or  cylindrical  shells.  He  (Mr.  Stirzaker)  thought  they 
proved  the  correctness  of  that  theory.  Mr.  Spence  erred  through  trying 
to  account  for  his  facts  by  elaborate  theories,  instead  of  first  seeking  to 
reconcile  them  with  our  present  knowledge  and  accepted  laws ;  in  short,  he 
searched  for  truth  at  the  bottom  of  a  well,  whilst  all  the  time  it  lay  upon 
the  surface.  For  instance,  he  considered  that  "  the  most  striking  result 
in  these  experiments  is  the  fact  that  the  form  finally  assumed  (in  Nos.  I 
and  2  boilers)  was  rather  hollow  in  the  centre.  Uniform  circumferential 
tension  would,  one  would  expect,  produce  a  straight  line,  or  one  rather 
arched,  like  that  of  Fig.  3,  Plate  XXV.,  as  the  effect  of  ends  would 
gradually  diminish."     He  quite  agreed  with  him.     Mr.  Spence  called  that 
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"  the  rooHt  striking  result,"  and  he  Bearohed,  through  all  the  recorded 
eiperimeuts  which  he  could  find,  to  diacoTor  a  similar  one.  He  thought 
he  found  it  in  Mr.  Scott's  hoiler.  Now,  he  (Mr.  Stiraaker)  considered 
that  the  real  reason  why  Mr.  Spence's  shells  expanded  as  they  did, 
WHS  to  he  found  in  Table  XI.,  oq  page  235.  The  results  of  the 
tcBl  pieces  were  there  recorded,  whicli  they  fonod  varied  in  thickness 
between  17-lOOthB  and  ]9i-100ths,  or  nearly  12  per  cent.  It  was  well- 
known  that  some  makers  of  plates  would  not  guarantee  to  roll  within  5 
per  cent.  Surely  that  fact  would  acconnt  for  the  differenca  of  expansion 
between  one  part  of  the  plate  and  another.  He  (.Mr.  Spence)  thought  it 
must  be  due  to  the  result  of  some  general  law.  Well,  perhaps  so,  but  he 
(Mr.  Stirzaker)  thought  it  was  tlie  general  law  of  plates  being  rolled 
rather  finer  at  the  edge  than  at  the  centre,  and  also  of  the  metal  at  the 
ends  of  the  plates  where  they  were  flanged  not  being  quite  homo- 
geneous with  the  metal  at  the  centre  furthest  from  the  flanging.  He 
thought  the  difference  in  the  homogeneity  of  the  metal,  and  the  difference 
of  thickness,  quite  esplained  the  fact  of  the  boiler  expanding  more  in  one 
part  than  another.  Mr.  Sijence  jjoiuted  to  Mr,  Scott's  boiler  as  a  cor- 
roboration of  bis  own  experiments;  but  it  was  not.  He  thought  Mr. 
Spence  iiad  got  slightly  wrong  with  his  figures  about  Mr.  Scott's  hoiler. 
The  end  which  expanded  very  largely — 53-64tbs — did  so  because  it 
contained  the  manhole.  The  centre  of  the  boiler,  aod  the  other  end  of 
the  boiler,  expanded  practically  to  the  same  extent  as  each  other.  If  they 
would  refer  to  Mr.  Scott's  paper,  read  before  the  Naval  Architects  (see 
Vol.  XXX.,  page  291,  Table  XII.),  they  would  find  he  there  gave  the 
expansion  of  the  boiler,  when  nnder  580  lbs.  pressure,  not  18^-64tha  and 
34'i}4ths  respectively,  as  Mr,  Spence  said,  but  34-64ths  and  32-64thB. 
This  is  almost  parallel,  and  these  boilers  of  Mr.  Spence's  were  practically 
parallel.  Dealing  with  No.  2  boiler,  the  difference  of  expansion  between 
ring  No.  2  and  ring  No.  S  was  due  to  a  very  slight  difference  of  stress, 
namely,  about  '2  of  a  ton  per  square  inch.  He  based  that  calculation 
upon  the  results  of  experiments  published  in  Professor  Unwin's  7'e«(o/' 
Materials  of  ConslrucHon.  In  that  treatise,  on  page  280,  Mr.  Onwin 
gave  a  table  showing  the  expansion  of  steel,  which  was  of  a  similar  nature 
to  this,  the  elastic  lintit  of  which  is  put  at  18  tons  to  the  square  inch. 
Working  from  that  table,  and  taking  the  extension  per  unit  of  length  of 
plate,  he  found  that  in  No.  2  riog  the  extension  was  -0265  inch  per  inch 
in  length,  equal  to  a  stress  of  19*3  tons  per  square  inch,  and  at  No.  8 
ring  the  extension  was  '02!t  inch  per  inch  in  length,  equal  to  a  stress  of 
19-6  tons,  a  difference  of  '2  ton  per  square  inch.     Therefore  he  (Mr. 
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Stirzaker)  thought  they  were  justified  iu  saying  that  the  variation  in  the 
homogeneity  and  thickness  of  the  plates  quite  accounted  for  Mr.  Spence's 
**  most  striking  phenomenon." 

The  second  point  Mr.   Spence  called  attention   to   was   the  high 
pressure  which  the  boiler  carried,  and  he  said  that  if  the  endless  ring  hypo- 
thesis were  true  a  boiler  could  not  have  caiTied  so  great  a  pressure  as  this. 
But  was  this  so  ?     He  had  already  shown  the  stress  which  actually  came 
upon  the  shell  was  between  19*6  and  19*8  tons.     Now,  the  stress  as 
calculated  by  the  ordinary  formula  for  thin  cylinders,  when  the  pressure 
i¥as  680  .lbs.  per  square  inch,  is  21  tons ;  results  slightly  different, 
"but  suflBciently  near  to  prove  the  correctness  of  his  argument.      He 
^ould  like  to  emphasise  the  fact  that  the  plate  stood  this  stress  in 
circumferential  tension.    Mr.  Spence  would  say,  "  If  that  be  so,  how  is  it 
possible  for  the  joint  to  have  withstood  that  stress  ?"    He  accounted  for 
that  in  this  way — the  joint  was  55  per  cent,  of  the  solid  plate,  that  would 
give  an  apparent  stress  upon  each  section  of  the  plate  between  the  rivets 
of  88  tons  to  the  square  inch,  an  amount  which,  of  course,  they  did  not 
for  a  moment  suppose  it  would  stand.     But  that  was  not  the  true,  it  was 
only  the  apparent,  stress.     The  pitch  of  the  rivets  being  1^  inches,  the 
sectional  area  between  each  rivet  was  1289  square  inch.     Each  of  these 
sectional  areas  had  the  effect  of  the  contraction  of  one  of  the  rivets, 
the  value  of  which  was  not  by  any  means  to  be  overlooked      The  friction 
created  on  the  plates  by  the  contraction  of  the  rivets  was  very  great.     In 
a  thick  plated  boiler  it  did  not  count  for  much,  but  when  they  dealt  with 
a  thin  plate  like  those  under  consideration  it  told  very  largely.     He  cal- 
culated that  the  contractional  stress  or  pull  of  the  rivet  was  about  16 
tons  per  square  inch.      The  rivets  were  -^^  inch  diameter,  or  J  of  a 
square  inch  area,  therefore  the  pull  upon  each  rivet  was  about  4  tons. 
Now,  if  they  assumed,  as  he  thought  they  were  justified  in  assuming, 
that  the  coefficient  of  friction  was  between  '2  and  '25,  it  would  give  them 
a  friction  of  1  ton  per  rivet.     But  the  sectional  area  of  the  plate  corre- 
sponding to  each  rivet  is  only  '1289  square  inch,  consequently,  for  a  square 

inch  of  sectional  area  the  value  of  the  rivet  would  be  ^^^^,  or  7*75  tons. 

•1289 

Therefore,  the  actual  stress  on  the  rivets  was  38  tons,  less  7|  tons,  which 

left  31;J  tons.     The  plates  broke  at  28  tons.     The  difference  between  28 

tons  and  31^  tons  was  not  so  great  as  to  invalidate  his  method  of 

reasoning.    In  conclusion,  he  thought  he  had  shown  that  Mr.  Spence's 

experiments  were  more  valuable  than  that  gentleman  anticipated,  inasmuch 

as  they  tended  to  establish  rather  than  to  disestablish  present  principles. 


"> 
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Mr,  HBCToa  MicCoLL  (Belfast)  eaid  he  had  very  great  pleasure  iu 
being  thern  that  aigbt.  He  had  read,  aa  tar  ati  he  could  read,  the  two 
papers  on  the  ebrength  of  boilers.  The  first  paper  (Mr.  Sicolauu'Hj,  he 
vroold  uot  for  a  moment  preDcnd  (^  discuss,  it  hud  been  taken  as  above 
diSGuasion  hj  them,  and  it  certainly  wae  liy  him,  but  at  the  same  time  he 
could  thank  Mr.  Nicolfion  I'or  bis  very  valuable  and  talented  contribution 
to  their  literature  on  the  subject.  Now,  engioeers  ofteu  heard  tliis 
phrase — "  Tbat'a  all  very  fine  in  theory,  but  it's  no  good  in  praotii*." 
He  held  that  nothing  could  be  ti-ue  in  theory  that  was  not  correct  in 
practice.  Ou  this  oecasion  they  bad  t«o  papers  got  up  quite  indepen- 
deiilly,  one  iiaving  no  counection  with  the  other ;  yet  one  proved  certain 
things  mathematically,  and  the  other  proved  them  ei  peri  men  tally.  He 
qaite  agreed  wich  the  last  speaker  (Mr.  Stirzaker)  that  that  was  the  precise 
value  of  Mr.  Spence's  esperiments.  He  had  proved  quite  conclusively 
that  the  ends  of  boilera  bad  practically  nothing  to  do  with  the  strength 
of  the  plate  in  the  middle  of  the  shell.  He  had  there  diagrams  of  a 
number  of  joints  (A  to  F,  Plate  XXVI.)  which  he  had  not  brought 
before  them  with  the  idea  that  they  had  anytlitng  to  learn  therefrom,  but 
to  show  ordinary  pruportions  uf  jointe  and  compare  them  with  the 
proportions  exix;rimentcd  upon.  These  diagrams  showed  thickness  of 
plate,  proportions  of  joiub,  and  diameCerH  of  shell  sis  times  that  used  iu 
Mr.  Spence's  experiment.  Hie  experiment  was  conducted  on  a  shell 
2  feet  2  inches  diameter,  with  plates  y^  inch  thick,  and  rivets  -^  inch 
diameter ;  multiplying  that  by  six  they  got  a  shell  of  13  feet  diameter, 
plate  1^  inches  thick,  and  rivets  3|  inches  diameter.  Fig.  E  represented 
Mr.  Spence's  experimental  joint  multiplied  six  times.  He  wished  to  call 
their  attention  particularly  to  that,  because  it  showed  conclusively,  what- 
ever the  i-esulb  of  Mr.  Spence's  experiments  might  have  been  on  the  parti- 
cular shell  to  which  he  applied  them,  that  in  one  respect  only  could  it  be 
called  a  model  shell.  It  was  only  a  model  shell  in  thiB  respect  and  no  other, 
that  the  thickness  of  plate  bore  an  ordinary  proportion  to  the  diameter 
of  the  shell.  The  diameter  of  the  rivet  in  proportion  to  the  thickneee  of 
plate  could  not  be  called  a  model,  becauae  by  the  same  rule  they  got  a 
plate  1^  inches  thick,  with  rivets  three  times  the  thickness  of  the  plate,  or 
8|  inches  diameter.  Whatever  results  may  have  been  got  from  the 
experiments,  the  proportions  by  which  they  were  got  could  not  be  applied 
in  ordinary  practice.  No  one  would  think  of  riveting  1^  inch  plates  with 
Sg  inch  rivets,  nor  did  he  think  that  existing  machinery  could  deal  with 
such  enormous  rivets.  He  quite  agreed  with  Mr.  Stirzaker  as  to  the  reason 
why  this  shell  bore  anch  an  extraordiuaiy  pressm^e.     He  thought  if  they 
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looked  at  the  lower  section  of  Fig.  E  they  would  at  once  see  that  owing 
to  the  excessive  diameter  of  the  rivet  and  head,  only  a  small  part  of 
the  plate  was  free  from  its  influence,  and  he  was  quite  sure  if  they  could 
have  seen  these  experiments  what  they  would  have  found  would  have 
been  this,  until  the  moment  of  rupture  the  stress  was  not  coming  through 
the  section  between  the  rivets,  which  with  its  double  thickness  was  prac- 
tically solid,  until  the  moment  the  plate  parted,  they  w6re  therefore  not 
dealing  with  55  per  cent.,  but  with  from  100  to  110  per  cent.  Hence 
the  enormous  pressure  that  was  got.  Then  there  was  another  great  point 
put  forward  by  Mr.  Spence  as  the  result  of  his  experiment,  the  fact  that 
all  these  cylinders  did  not  bulge  in  the  middle.  In  addition  to  the 
reasons  given  by  the  last  speaker,  which  he  thought  very  satisfactory  as 
far  as  they  went,  there  were,  he  thought  other  reasons  that  might  be 
adduced.  They  would  note  that  only  one  of  these  shells  burst ;  but  up  to 
a  pressure  of  about  550  lbs.  all  of  them  performed  practically  ahke,  which 
proved,  he  thought  conclusively,  that  up  to  the  point  of  rupture  the 
plates  were  practically  sohd,  solid  rings  with  no  joint  in  them,  and 
consequently  the  expansion  or  bulging  was  very  small,  just  as  might 
have  been  expected.  The  cylinder,  No.  3,  on  account  of  its  small  surface 
for  leakage  Mr.  Spence  was  able  to  burst,  and  he  suddenly  got  the  shape 
shown  in  the  diagram,  and  he  had  no  doubt  if  Mr.  Spence  had  been  able 
to  a^ply  suflBcient  pumping  power  to  Nos.  1  and  2  he  would  have  got  in 
them  the  same  form.  The  differences  might  be  accounted  for  in  various 
ways,  and  it  was  just  as  well  for  them  to  consider  every  point  they  could 
think  of.  What  he  found  was,  that  there  were  in  all  three  cylinders  what 
he  would  call  constructional  irregularities.  Although  these  were  con- 
sidered dupHcate  in  regard  to  diameter,  thickness  of  plate,  and  riveting, 
they  did  not  behave  exactly  alike.  No  3  shell,  which  of  the  three 
should  have  been  tightest,  leaked  most.  Mr.  Spence  never  got  more  than 
550  lbs.  pressure  on  that  shell  by  the  hand  pump,  whereas  on  No.  1  he' 
actually  got  630  lbs.  Very  well,  that  told  them  distinctly  there  must 
have  been  little  differences  in  the  manufacture  of  these  three  shells.  If 
all  three  had  been  precisely  alike  in  every  respect,  they  were  bound  to 
believe  that  No.  3  would  have  stood  more  pressure  by  the  hand  pump 
than  the  others  ;  instead  of  that  it  stood  least  of  all.  The  joint  was  only 
one-third  of  the  length  of  No.  1  and  yet  had  more  leakage  than  it,  all 
of  which  pointed  conclusively  to  the  fact  that  there  were  irregularities 
which  accounted  for  many  of  these  things.  Another  point  of  which  Mr. 
Spence  had  made  a  great  deal,  but  which  was  not  worth  noticing,  was 
what  he  called  contraction  of  the  joint  under  pressure.     He  was  surprised 
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Mr.  Spenoe  had  made  so  much  of  this,  and  could  only  account  for  it  by 
the  fact  that  Mr.  Spence  had  a  theory  which  he  wished  these  experiments 
to  prove.  He  was  satisfied  Mr.  Spence  conducted  these  experiments  in 
the  most  conscientious  way  possible,  and  that  he  had  in  the  most  manly 
way  given  them  the  results,  although  they  did  not  by  any  means 
corroborate  his  own  theories  on  the  subject.  Really,  this  point  appeared 
to  him  quite  simple.  The  supposed  contraction  appeared  only  in  No.  1 
cylinder,  in  it  only  at  two  points,  arifl  at  the  lower  pressures,  disappearing 
at  the  higher  pressures.  Well,  his  explanation  was  that  the  joint  at  these 
pai*ticular  points  happened  to  be  made  flatter  than  it  ought  to  have  been, 
so  that  when  pressure  was  applied  the  joint  bent  out  into  its  proper  form, 
and  consequently  the  distance  measured  in  a  straight  line  over  the  joint 
by  the  compass  points  appeared  shorter  under  pressure  than  when  free. 
At  the  higher  pressures  the  apparent  contraction  disappeared,  and  the 
plate  at  these  points  stretched,  as  might  have  been  anticipated,  similarly 
to  other  parts  of  the  structure.  Certain  irregularities  appeared  in  all 
such  experiments,  but  these  gradually  disappeared  the  nearer  the 
ultimate  strength  of  material  was  approached.  In  Mr.  Scott's  experi- 
ments great  irregularities  appeared  in  a  number  of  points  at  the  lower 
pressures,  and  Mr.  Spence  had,  rather  unjustly,  he  thought,  taken 
advantage  of  some  of  them  in  his  Fig.  6,  Plate  XXV.  The  extraordinary 
bulging  shown  in  the  left  hand  ring  of  Mr.  Scott's  shell  was  obviously  due 
to  a  weak  manhole,  and  when  the  higher  pressures  were  reached  the  middle 
ring  bulged  more  than  the  right-hand  one.  That  was  the  only  point  in 
which  he  would  say  Mr.  Spence  had  not  been  quite  fair  to  them.  Mr. 
Spence's  conclusion  was  that  riveting  should  be  arranged  solely  with  a 
view  to  tightness  and  caulking,  so  long  as  the  section  of  joint  was  not 
less  than  55  per  cent.,  and  that  any  joint  having  55  per  cent,  section 
might  be  taken  as  equal  to  solid  plate.  That  was  surely  an  enormous 
fabric  to  build  on  so  slender  a  foundation  as  these  three  experiments. 
When  Mr.  Spence  got  out  his  specification  for  that  edifice,  he  made  bold 
to  say  he  would  not  get  a  ''  strong "  contractor  to  carry  it  out,  and 
guarantee  the  result.  There  were  other  things  to  be  considered  in 
building  boilers  besides  the  first  hydraulic  test,  and  he  thought  he  was 
right  in  saying  that  no  engineer  in  this  country  would  propose  to  make 
a  boiler  to  work  up  to  160,  180,  or  200  lbs.  with  single  riveted  joints 
in  the  shell.  He  knew  no  man  of  any  experience,  or  with  any  regard  for 
his  reputation,  who  would  turn  out  such  a  boiler  with  the  expectation 
that  at  the  end  of  ten  years  it  would  be  a  boiler  at  all.  They  knew  it 
would  not  be  a  boiler.     The  joints  in  the  shell  of  a  steam  boiler,  require  to 
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l>e  fit  for  more  than  one  test,  and  he  had  no  hesitation  in  saying  that  no  single 
riveted  joint  was  capable  of  satisfactorily  performing  the  work  which  had  to 
be  done  by  boilers  of  the  dimensions  and  pressure  now  in  use  at  sea. 
They  required  in  riveted  joints  breadth,  and  a  proper  distribution  of  rivets, 
to  give  them  the  stability  necessary  for  continuous  and  successful  perform- 
ance of  their  work,  and  this  was  only  to  be  found  in  some  of  the  forms  of 
multi-riveted  joints.     For  example,  Fig.  D,  Plate  XXVI.,  had  the  same 
rivet  area  as  Fig.  E,  and  the  same  plate  area  as  Fig.  F,  and  he  had  no  hesi- 
tation in  saying  that  it,  or  something  like  it,  would  secure  a  stronger,  a 
tighter,  and  a  more  lasting  shell  than  either  Fig.  E  or  Fig.  F.    Mr. 
Spence  spoke  of  arranging  a  joint  solely  for  tightness  and  for  caulking. 
So  far  as  he  had  seen,  a  joint  whose  tightness  depended  upon  caulking 
was  not  a  proper  joint  to  be  used  in  a  boiler  shell.     He  knew  from 
experience  that  with  plates  1^^  inches  thick,  a  joint  with  12  inches  pitch 
could  be  made  absolutely  tight  under  360  lbs.  test  pressure,  and  180  lbs. 
continuous  working  pressure.     Clearly  that  was  a  joint  independent  of 
caulking  for  tightness,  and  one  not  approved  by  the  Board  of  Trade. 
An  important  point  in  this  connection,  and  one  to  which  this  Institution 
might  well  devote  some  of  that  energy  which  it  appeared  to  have  in 
abundance,  was  the  limiting  by  the  Board  of  Trade  of  the  pitch  of  rivets 
to  8^  inches  in  boiler  joints.    To  say  the  least  of  it,  such  limitation  was 
neither  in  accordance  with  science  nor  with  common-sense.     If  the  limit 
was  right  for  plates  ^  inch  thick,  it  could  not  be  right  for  plates  1^ 
inches  thick;  and  pressure  ought  to  be  brought  on  the  Board  of  Trade  to 
give  a  satisfactory  reason  for  its  rule,  or  to  abandon  it.    While  they 
were  much  indebted  to  Mr.  Spence  for  his  experiments,  and  while,  no 
doubt,  much  remained  to  be  learnt  from  future  experiments,  there  was, 
as  yet,  no  cause  to  fear,  as  Mr.  Spence  did,  that  any  established  principle 
had  been  unsettled. 


Communication  from  Mr.  Wallikbr. 

March  1th,  1891. 

Dear  Sir, — I  regret  that  I  shall  not  be  present  at  the  meeting  on 
Monday  night ;  but  I  should  like  to  eay  a  few  words  with  regard  to  the 
paper  read  by  Mr.  J.  C.  Spence  on  the  "  Results  of  Experiments  on  the 
Strength  of  Boilers." 

First,  with  regard  to  the  sagging,  may  I  suggest  that  this  is  due  to 
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tiie  contradjon  oT  ttie  two  long  models  when  the  etresg  wiib  relieved  ?  I 
believe  that  no  observations  were  taken  as  to  elongation,  and  a  very 
Blight  d^ree  of  lengthening  woald  account  for  thiB— the  difference  in 
diametets  between  end  and  middle  l]ein$;  only  about  ^  inch. 

I  think  it  ia  a  matter  for  congratnlation  that  the  experiraente  have 
proved  tbe  efficieniij  of  the  lap  joint,  which  I  am  glad  to  sec  is  coming 
mote  and  more  into  general  use  for  boilerK  at  Jiigh  presBiirea.  It  is 
easy  to  close  in  the  shop,  and  consequently  easier  to  keep  tight  in  ordin- 
ary work  than  tlie  cumlKriioine  double  butt  strap,  and  I  anticipate  that 
Bome  day  the  hundlcap  under  which  it  labonrg  tvill  be  abandoned. 

It  win  be  Been  by  looking  at  Tables  VIII.,  IS.,  and  X.,  pages  232, 
S8S,  and  284,  tliut  all  the  models  commenced  to  leak  at  from  200  to 
800  lbs.;  and  although  this  is  a  little  higher  than  calculated,  still  it  ia 
bdow  the  elastic  limit,  and  this. has  to  be  our  guide  in  practice.  AhBolut-e 
tightnew  ia  a  necessity  in  boiler  work,  and  I  do  not  think  it  would  be 
poBcible  to  hav^  a  satisfactory  test  at  much  above  the  pressores  now 
in  use. 

Throngh  the  courtesy  of  Mr,  Spence  I  bad  an  opportunity  uf  testing 
a  joint  amilar  to  the  one  used  in  the  models,  and  niiide  from  strips  cut 
from  No.  1,  and  the  result  obtained  was  much  higher  than  Mr.  Spence'a, 
as  it  gave  a  total  of  34-35  tons  per  square  inch,  while  the  strips  I  tested 
were  respectively  27'H  and  29'6  tons  per  square  inch.*  Using  these  higher 
fignrea,  and  also  allowinu'  fi)r  tlie  pl;ito  to  !"■  slightly  tliii'kiT  Ihiiu  ,\  inch, 
viz.,  '2,  will  give  amuch  higher  ultimate  strength  than  is  shown  in  the  paper. 
I  think  that  email  models  like  these  may  be  found  to  be  misleading  from 
their  very  size,  and  that  until  the  tests  are  carried  out  on  a  lai^er  Bcale 
that  nothing  definite  should  be  deduced  from  them.  We  have  got  now  a 
boiler  shell  which  ii  standing  well  the  practical  everyday  test  of  the 
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mercantile  marine.  It  can  be  made  tis^ht  and  eflficient  ;  and  if  it  errs, 
^which  I  am  not  prepared  to  allow,  on  the  side  of  strength,  which  also 
means  longevity — why,  so  much  the  better  for  the  shipowner. 

I  would  add  that  Mr.  Spence  was  most  anxious  that  everything,  in 
conducting  these  tests,  should  be  made  in  a  most  thorough  manner;  and 
I  think  that  the  Institution  is  indebted  to  him,  and  also  to  Mr.  Alex. 
Taylor,  for  their  public  spirit  in  carrying  out  such  an  interesting  set  of 
experiments  as  these  have  been. 

I  am, 

Youre  faithfully, 

John  F.  Waujker. 

Mr.  B.  G.  NiOHOL  said  the  whole  of  the  experiments  had  been  carried 
out  by  three  of  them  quite  independently  of  Mr.  Spence,  although  in  his 
presence.  The  observations  were  taken  and  recorded  by  Mr.  Saunders, 
Mr.  Walliker,  and  himself,  and  there  were  occasionally  other  gentlemen 
present.  As  to  the  measurements  of  the  stretch  of  the  joint  and  the 
circumference,  he  might  say  that  these  were  accurately  observed  and 
recorded.  Mr.  MacCoil's  remarks  had  a  very  small  bearing  on  the  experi- 
ments, being  practically  a  lecture  on  riveted  joints.  He  (Mr.  Nichol) 
did  not  think  it  advisable  to  use  rivets  of  less  than  ^  inch  diameter  for 
^  inch  plates.  Mr.  Saunders,  who  was  present,  could  corroborate  him 
in  stating  that  the  cause  of  the  joints  holding,  or  rather  failing  to  rupture, 
was  not  because  of  the  friction  between  the  plates  caused  by  the  riveting, 
as  after  leakage  feirly  commenced  they  inserted  the  blades  of  their  pocket 
knives  between  the  plates.  He  was  convinced  by  the  experiments  that 
the  end  plates  of  boilers  should  be  taken  into  account  in  determining  the 
strength  of  shells,  and  that  a  substantial  reduction  in  thickness  may  be 
made  on  present  practice.  In  reply  to  Mr.  Stirzaker's  remarks,  the 
plates  were  all  cut  from  one  large  plate  and  not  sent  in  by  the  steel 
makers  with  thin  edges. 

MR.  SPENCE'S  REPLY. 

Mr.  J.  C.  Spence,  in  reply  to  the  discussion  on  his  paper,  said  the 
fact  that  truth  is  seldom  to  be  found  on  the  surface,  but  generally  lies 
hidden  at  the  bottom  of  a  well  is  so  well-known  that  it  has  become 
proverbial.  Mr.  Stirzaker,  however,  appears  to  consider  that  truth  can 
only  be  found  on  the  surface,  and  his  only  criticism  on  the^  theory  pro- 
pounded in  this  paper  is  that  it  is  not  necessary  to  search  diligently  for 
a  theory  to  agree  with  facts,  the  proper  course  being  to  try  and  recon- 
cile the  facts  to  the  accepted  theory.    Now,  if  the  accepted  theory  were 
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inquestionably  true  this  might  be  the  proper  course,  but  considering 
that  it  is  avowedly  based  on  the  omission  of  one  factor  assumed  to  be 
of  no  consequence,  and  that,  by  argument  and  experiment  he  had  demon- 
strated that  this  factor  is  not  small,  but  one  of  the  principal,  if  not  the 
chief  foctor  in  the  problem,  it  can  hardly  be  expected  that  he  would  try 
and  reconcile  the  facts  to  a  theory  which  he  considered  untenable.  Mr. 
Stirzaker's  attempts  to  effect  this  reconciliation  are  not  very  successful. 
He  did  not  propose  to  follow  all  Mr.  Stirzaker's  ingenious  arguments  on 
the  subject,  but  would  deal  with  one  or  two  crucial  points  which  are 
capable  of  absolute  proof. 

The  first  and  most  important  of  these  is  the  strength  of  the 
joints  used  in  these  models.  In  accordance  with  universal  and  well- 
grounded  practice  he  had  taken  the  strength  of  the  joint  as  equal  to 
the  strength  of  plate  section  between  rivet  holes.  Mr.  Stirzaker,  on 
the  other  hand,  argues  that  the  friction  of  the  joint  increases  the 
strength  to  nearly  double  that  of  the  plate  section.  In  reply  to  this 
it  might  be  considered  sufficient  to  reiterate  what  Mr.  Nichol  had 
pointed  out,  namely,  that  at  the  higher  pressures  obtained  in  these 
experiments  there  was  a  stream  of  water  rushing  through  the  joint,  and 
that  a  tester  could  be  passed  between  the  plates  from  rivet  to  rivet,  a 
condition  of  things  absolutely  incompatible  with  the  notion  that  friction 
of  joint  was  an  appreciable  quantity. 

The  Past-President — At  what  pressure  did  the  leakage  begin  ? 

^Ir.  SpENCE  — Such  a  leakage  as  that  referred  to  did  not  occur  till 

tlie  pressure  supposed  to  correspond  with  the  ultimate  strength  of  the 
joint  had  been  passed.  In  No.  1  experiment  there  was  about  20  per 
cent,  more  than  the  breakiui^  strength  of  the  joint  before  the  leakage 
reached  this  extent. 

The  1*AST  President — You  are  rather  defeating  your  own  arguments, 
because  if  the  ultimate  strength  was  arrived  at  before  the  leakage  com- 
menced, the  leakage  did  not  affect  the  condition. 

Mr.  Spen'CE — That  is  so.  Still,  the  pressure  rose  much  above  this 
limit,  and  friction  of  the  joint  when  most  needed  could  not  be  in  action. 
Thus,  according  to  accepted  theory,  the  breaking  strength  of  the  joint 
was  reached  at  5(iO  lbs.  pressure  on  the  model,  in  the  instance  quoted, 
the  joint  did  not  open  out  till  about  (loo  ll)s.  pressure  was  reached. 
Even  if  there  had  been  friction  of  the  joint  up  to  this  point,  there  could 
^ -'  'lone  after  it.     How,  then,  is  it  possil)le  to  l)elieve  that  friction  enabled 

'-''>«:«nre  of  7i>0  lbs.  ? 
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But  why  argue  about  what  might  be  the  strength  of  the  joint  when 
lei'e  is  positive  evidence  of  what  the  strength  was  ?   Table  XII.  (page  236) 
.ves  the  actual  strength  of  the  joint.     This  test  piece  was  made  from 
js  cut  from  the  same  plates  as  the  models  were  made  of ;  the  holes  were 
cixilled  from  the  same  template  ;  the  rivets  were  taken  from  the  same  bag, 
"tlie  width  of  specimen,  7|  inches,  is  sufficient  to  give  reliable  average 
x-esults.    Now,  in  Table  XL  (page  235),  there  are  the  tests  of  the  same 
X^lckt^s,  and  from  this  it  is  seen  that  "  initial  strain  "  took  place  at  from 
I1.7*3  to  18*8  tons  per  square  inch.  ^  In  Table  XII.  permanent  set  began 
to  be  visible  at  a  strain  of  10  tons,  and  was  appreciable  at  12  tons. 
The  area  of  the  section  between  rivets  is  '^  inch  nearly,  which  corre- 
«pondswith  a  strain  of  12^  to  15  tons  to  the  square  inch,  that  is  to 
Bay,  the  elastic  limit  of  the  joint  was  mther  below  that  of  the  solid  plate. 
How  then  was  it  possible  for  friction   to  have  caused  the  apparent 
increase  of  strength  in  the  model  when  we  find  there  is  no  such  increase 
of  strength  in  the  test  piece?     The  breaking  strength  of  tliis  joint,  24 
tons,  coiTesponds  to  a  strain  of  30  tons  per  square  inch.     This  is  some- 
what above  that  of  plate.    This  excess  is  due  to  causes  which  will  be 
given  after,  but  is  clearly  not  due  to  friction  of  joint. 

If  further  evidence  of  the  real  strength  of  this  joint  is  required 
there  are  the  tests  of  plate  and  joint  given  by  Mr.  Walliker.  Here  the 
elastic  limit  of  the  joint  is  given  at  16*5  tons  per  square  inch.  In  the 
model  (No.  1)  from  which  Mr.  Walliker's  test  pieces  were  cut,  the 
elastic  limit  of  the  joint  was  not  reached  till  the  pressure  rose  to  600 
lbs.  per  inch,  which  corresponds  to  a  strain  of  33  tons  per  inch  if  the 
current  theory  is  true.  Is  it  credible  that  a  joint  which  in  the  testing 
machine  reaches  its  elastic  limit  at  from  15  to  16|  tons  strain  should 
only  reach  the  same  limit  at  a  strain  of  33  tons  per  inch  in  a  cylinder  ? 
Is  it  not  more  credible  that  the  theory  which  assumes  that  it  was  sub- 
ject to  this  strain  is  erroneous?  He  ventured  to  say  that  it  was 
absolutely  impossible  that  the  joint  could  have  been  subject  to  the 
tensile  strain  calculated  on  the  endless  ring  hypothesis.  If  so,  it  is  not 
an  open  question,  but  an  absolute  certainty  that  the  difference  between 
the  calculated  strain  and  the  real  strain  was  transmitted  to  the  ends  ; 
there  is  no  other  possible  alternative.  And  again,  it  is  not  a  debateable 
point  but  an  absolute  certainty,  that  if  any  of  the  pressure  in  the  shell 
was  transmitted  to  the  ends,  it  must  have  been  transmitted  as  a  shearing 
strain  increasing  from  the  centre  to  the  ends.  Knowing,  then,  that  a 
considerable  pressure  was  transmitted  to  the  ends,  knowing  also  that 
the  transmission  of  that  pressure  must  have  produced  a  shearing  strain 
increasing  from  the  centre  towards  the  ends,  he  concluded  that  this 
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action  was  the  cause  of  the  bulge  in  the  cylinder  increasing  from  the 
centre  towards  the  ends.  Compare  the  strength  of  this  argument  with  the 
hypothesis  offered  by  Mr.  Stirzaker  as  a  solution  of  the  question :  he 
suggests  that  plates  in  the  process  of  rolling  are  likely  to  be  thicker  at 
the  centre  than  at  the  ends,  and  therefore  the  extension  at  the  ends 
should  be  greater  than  at  the  centre.  To  this  suggestion  he  would  reply, 
in  the  first  place,  Mr.  Stirzaker  has  given  no  proof  that  plates  are 
appreciably  thicker  at  the  centre  than  at  the  edges.  In  the  second 
place,  even  if  this  is  so,  as  No.  2  model  was  cut  from  one  side  of  a  plate 
4  feet  wide,  the  centre  of  this  plate  would  not  correspond  with  the 
centre  of  the  model  but  with  one  end  of  it,  that  is  to  say,  the  thickest 
part  of  plate  stretched  more  than  the  thinner  part  by  his  hypothesis. 
In  the  third  place,  after  the  experiments  were  concluded  several  test 
strips  were  cut  from  No.  1  at  different  distances  from  the  centre; 
four  of  these  strips,  taken  from  different  places,  were  gauged,  and 
found  to  be  the  same  thickness.  (See  Mr.  Walliker's  tests,  page  256.) 
There  is  one  other  point  referred  to  by  Mr.  Stirzaker,  namely,  the 
results  of  Mr.  Scott's  experiments,  on  which  he  wished  to  say  a  few 
words.  Mr.  Stirzaker  says  that  "  he "  (the  speaker)  "  had  sought 
through  all  the  records  of  former  experiments  to  find  a  similar  one, 
and  thought  he  found  it  in  Mr.  Scott's  boiler."  Now,  this  is  very 
nearly  the  fact,  but  he  would  ask  them  to  take  the  statement  as  he  had 
given  it  at  top  and  bottom  of  page  222.  Mr.  Stirzaker  says  with  refer- 
ence to  Fig.  G,  Plate  YIL,  that  the  end  which  stretched  most  did  so, 
because  it  contained  the  manhole  door,  but  the  manhole  door  was  on 
the  top,  and  the  measurements  here  given  were  taken  at  the  sides,  that 
is,  at  right  angles  to  the  door.  Judging  from  his  own  experiments  the 
effect  of  a  weak  spot  is  very  local  (see  Figs.  4  and  5,  Plate  VII.),  and 
besides  that,  the  manhole  was  strengthened  by  such  an  unusually  strong 
compensating  plate,  that  it  is  doubtful  if  it  were  a  weak  point,  although 
it  was,  of  course,  a  cause  of  leakage.  Mr.  Stirzaker  also  says  that  at 
580  ll)s.  the  centre  course  stretched  to  about  the  same  size  at  the  ends. 
Well,  he  had  already  said  the  same  thing  (see  page  230),  and  he  would 
also  say  that  in  models  No.  1  and  No.  2,  if  leakage  could  have  been 
stopped  and  the  pressure  increased,  the  bulges  at  the  ends  would  have 
quickly  increased  and  spread  towards  the  centre,  and  would  have 
given  a  form  like  Xo.  3. 

Mr.  Scott's  experiments  are,  or  ought  to  be,  in  the  hands  of  every  one 
who  wishes  to  make  a  serious  study  of  the  strength  of  boilers,  and  he 
would  only  ask  those  interested  to  compare  his  statement  (page  230)  of 
+he  behaviour  of  this  experimental  boilei-  with  the  facts, 
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Mr.  MacOoU  commences  his  criticism  by  the  statement  that  true  theory 
and  correct  practice  are  inseparable.     This  no  one  will  dispute,  but 
unfortunately  it  does  not  afford  the  slightest  help  in  deciding  what  is  the 
true  theory,  or  what  is  the  right  interpretation  of  certain  experiments. 
XJntil  recently  he  thought  that  practically  the  whole  of  the  pressure  on 
a  boiler  was  balanced  by  circumferential  tension  in  the  shell  plate  ;  but 
an  investigation  of  another  question  drew  his  attention  to  the  enormous 
load  which  could  be  carried  by  a  beam  of  the  proportions  usual  in  marine 
boilers,  and  convinced  him  that  this  theory  was  incoiTect.     Starting  from 
axioms  which  are  indisputable,  he  found  that  the  circumferential  tension 
on  shell  plates  is  always  less  than  that  hitherto  assumed,  and  that  it  is 
very  much  less  in  short  than  in  long  boilers.   As  he  had  not  entirely  freed 
himself  from  the  idea  that  the  strength  of  boilers  depends  solely  on 
circumferential  tension  he  concluded,  that  short  boilers  would  stand 
greater  pressure  than  long  ones.     Experiments  made  with  a  view  to  test 
this,  pointed  to  an  opposite  conclusion,  at  the  same  time  they  proved  that 
the  circumferential  tension  was  only  about  one-half  of  that  usually  assumed. 
Further  investigation  showed,  that  any  part  of  the  pressure  on  a  boiler 
which  is  not  converted  into  circumferential  tension  must  be  transmitted 
to  the  ends  as  shearing  stress.    And  therefore,  where  the  proportion  of 
pressure  converted  into  tension  is  least  the  proportion  transmitted  as 
shearing  stress  will  be  greatest.     As  the  resistance  of  steel  plate  to 
shearing  is  much  less  than  its  resistance  to  tension  (see  Table  XL)  it  is 
not  surprising  to  find  that  the  weakest  model  was  not  the  one  in  which 
the  tension  was  least,  but  that  in  which  the  proportion  of  shearing  was 
greatest.    Not  knowing  how  the  resistance  to  shearing  in  a  cylinder 
is  related  to  length,  to  diameter,  or  to  both,  he  could  not  call  his  theory 
a  complete  one,  but  he  could  say  that  the  whole  of  the  investigation  was 
based  on  the  necessity  of  having  theory  and  practice  in  perfect  harmony. 
Mr.  MacColl  says  that  Mr.  Nicolson's  paper  proves  mathematically 
that  the  accepted  theory  is  true,  but  he  admits  that  he  has  not  studied 
the  paper.     Had  he  done  so,  he  would  have  found  that  it  does  not  prove, 
and  does  not  attempt  to  prove,  the  question  in  dispute.    It  assumes  it  to 
be  true,  and  from  that  assumption  deduced  certain  numerical  results. 
The  question  in  dispute  was  stated  by  him  (in  his  former  pa[)er  on  this 
subject)  in  language  as  plain  as  he  could  make  it,  so  plain  that  he  could 
not  understand  how  any  one,  at  least  any  engineer,  could  fail  to  under- 
stand it.     It  is  this,  in  calculating  the  pressure  which  can  be  transmitted 
to  the  ends  of  a  boiler  by  a  longitudinal  strip  of  the  shell  plate,  is  this 
strip  to  be  treated  as  if  it  were  an  independent  beam  supported  solely  at 
the  ends,  with  its  neutral  axis  in  the  centre  of  its  thickness ;  or  is  it  to  be 
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treated  as  forming  an  integral  part  of  a  large  beam  with  its  neutral  axis 
at  the  centre  of  the  boiler,  and  with  bending  moments  balanced  in  all 
directions?  If  the  first  of  these  methods  is  right,  then  he  admits  the 
accepted  theory  is  practically  true.  If  the  second,  then  it  is  most 
certainly  wrong.  Surely  the  alternative  hypotheses  are  plain  enough, 
and  the  second  one  is  not  so  palpably  absurd  as  to  be  dismissed  without 
consideration. 

Yet  Mr.  Nicolson  without  one  word  of  comment  or  argument 
calculates  the  strength  of  a  longitudinal  strip  on  the  first  of  these 
assumptions  as  though  it  never  had  been  disputed.  In  doing  so  he  neglects 
a  resistance,  which  m  the  language  of  mathematicians  becomes  "  infinite" 


in  the  case  that  he  is  investigating.    If  a  b 

(Fig.  A)  is  a  section  through  a  longitudinal 

strip  in  a  boiler,  before  this  strip  can  act  as 

an  independent  beam  it  will  have  to  shear 

through  the  plate  at  a  and  at  b.     If  the 

resistance  of  the  plate  to  shearing  is  S,  the 

resultant  of  the  resistances  at  a  and  b  is 

2  S  cos  0,    The  pressure  on  the  strip  being 

P  X  2  R  sin  ^.     R  being  the  radius  of  the 

boiler  and  P  its  pressure.    The  ratio  between 

resistance  and  pressure  therefore  varies  as 

2  S  cos  e        S  ^^ 

=  r»r»  cot  6.  Now,  cot  0  becomes 
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indefinitely  great  as  0  becomes  indefinitely 
small,  and  is  infinite  when  0  is  nothing,  which  is  the  case  investigated 
by  Mr.  Nicolson.  It  is  quite  true  that  cot  0  becomes  nothing  when  the 
angle  0  is  90  degs.  0,  that  is  when  a  h  is  a  semicircle,  but  in  that  case,  the 
depth  of  the  Ixiam  is  not  the  thickness  of  the  plate,  but  the  radius  of  the 
circle.  And  a  beam  whose  depth  is  the  radius  of  a  boiler  would  probably 
be  several  thousand  times  a^  strong  as  one  whose  depth  is  the  thickness 
of  shell  plate. 

After  endorsing  a  paper  which  he  had  not  studied,  Mr.  MacCoU  brings 
forward  some  ]>erfectly  smind  arguments  of  his  own  to  prove  that  the 
proportion  of  rivets  used  in  these  experiments  is  not  suitable  for  ordinary 
boiler  w(jrk.  He  (Mr.  Spence)  had  not  foreseen  the  possibility  of  anyone 
understanding  the  word  "  model  "  in  the  sense  tiiat  these  ex})erimental 
cylinders  were  models  or  examples  to  he  copied  in  every  detail,  or  he 
would  have  stated  explicitly,  what  he  had  implied  in  several  places,  that 
the  proportion  of  riveting  used  in  these  exj)eriments  is  not  intended  as  a 
model  for  boiler  makers  to  take  as  their  standard.     He  now   begged  to 
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xplain,  for  Mr.  MacCoH's  benefit,  that  the  models  were  designed  solely  to 
s^soertain  the  amount  and  distribution  of  strain  in  a  boiler^  and  had  no 
:K:eference  whatever  to  the  best  form  of  joint.    As  Mr.  MacColl  had  proved 
*hat  the  style  of  riveting  suitable  for  y\  inch  plates  was  not  suitable  for 
1^  inch,  he  must  admit  that  the  proportions  of  joints  suitable  for  1|  inch 
"plates  would  not  have  been  suitable  for  ^  inch  plates.     Having  some 
doubts  as  to  what  plan  of  riveting  to  adopt  he  had  consulted  their  fore- 
man boiler  maker  (Mr.  Singleton),  and  having  asked  his  advice,  he  had 
followed  it.     This  may  not  appear  a  very  scientific  method  of  designing 
a  joint,  but  for  his  part,  he  considered  the  opinion  of  an  experienced 
practical  man  on  a  practical  point  of  far  more  value  than  what  passes  for 
scientific  method,  and  which  generally  means  second-hand  knowledge 
taken  from  books,  instead  of  first-hand  knowledge  derived  from  facts. 
As  a  matter  of  fact,  the  joints  used  in  these  models  were  perfectly  suitable 
for  their  purpose,  but  were  not  intended  as  a  model  for  other  purposes. 

Mr.  MacColl  states,  and  severely  criticises,  as  a  conclusion  of  his  (Mr. 
Spence's),  "  That  any  joint  having  55  per  cent,  section  might  be  taken 
as  equal  to  solid  plate."  As  such  a  conclusion  is  not  only  absurd  on  the 
face  of  it,  but  inconsistent  with  the  whole  of  his  argument,  he  would  ask 
them  to  read  the  conclusions  as  given  by  him  (page  230),  and  they  would 
see  that  the  conclusion  arrived  at  was  not,  that  joints  of  55  per  cent, 
section  were  as  strong  as  the  solid  plate,  but  that,  owing  to  the  support 
received  from  the  ends,  a  joint  of  only  55  per  cent,  section  was  enabled 
to  carry  a  greater  pressure  than  the  solid  plate  could  have  carried,  accord- 
ing to  the  erroneous  theory  in  general  use.  And  again,  instead  of 
suggesting  that  boiler  joints  should  be  reduced  to  55  per  cent,  section, 
his  argument  was,  that  if  these  models,  with  these  excessively  weak  joints, 
stood  the  pressure  which  (according  to  current  ideas)  corresponds  with 
the  strength  of  solid  plate,  then  the  stronger  joints  usual  and  proper  in 
boiler  work  will  certainly  stand  a  pressure  estimated  in  the  same  way. 
They  might  stand  more — all  he  argued  was  that  they  would  not  stand  less. 
Replying  to  Mr.  Walliker,  he  said  that  he  failed  to  see  how  contrac- 
tion of  the  models  after  the  stress  was  relieved  could  account  for  the 
peculiar  form  taken  by  them.  Assuming  that  pressure  stretched  them 
longitudinally,  he  could  understand  that  when  the  pressure  was  released 
they  might  return  to  their  original  shape,  or  they  might  curve  outwards  or 
inwards,  but  that  this  contraction  should  produce  first  outward  curvature 
near  the  ends  and  then  inward  curvature  towards  the  centre,  seemed  to 
him  impossible.  Mr.  Walliker's  suggestion  that  the  elastic  limit  of  a 
joint  is  reached  whenever  it  commences  to  leak  is  a  strange  one.  He 
believed  there  were  vei*y  few  boilers  tested  to  800  lbs.  for  the  first  time 
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in  wliidi  joiiite  aod  rirete  did  not  oommence  to  leak,  and  yet  it  is  kuowu 
that  Cilia  pvesanre  is  very  mndi  below  their  elaetic  limit.  If,  instead  of 
starting  a  new  fancy  definition  for  the  elastic  limit  of  a  joint,  he  would 
compare  the  elougi^ionB  of  joint  fjiven  in  Table  SII.  (page  236),  with 
the  elongations  of  joints  given  in  Tables  VIII. -X.  (pages  232-234),  lie 
vould  see  that  the  elastic  limit  was  not  reached  till  the  pressure  was  fnun 
fiOO  lbs.  to  GOO  lbs.,  or  about  twice  the  pi-esaure  corresponding  to  elastic 
limit  on  old  theory.  ITie  next  point  raised  by  Mr.  Walliker  is  a  very 
iiilereating  one.  On  testing  strips  cnt  from  model  they  were  found  to 
break  at  27'8  tons  and  29'6  tons  per  inch ;  but  a  joint  made  of  strips  cut 
from  alongside  of  these  ruptured  at  a  strain  of  3i'6  tons  [lersqnare  incb. 
This,  at  first  sight,  seems  to  give  some  crilonr  to  the  contention  that 
friction  of  joint  has  a  real  existence  ;  but  that  is  entirely  negatived  by 
the  fact  that  the  elastic  limit  of  joint  corresponds  closely  with  that  of 
uncut  plat«,  showing  that  the  friction  at  that  point  was  so  small  as  not 
to  affect  the  strength ;  and  if  the  friction  is  too  Imall  to  be  appreciable 
at  the  elastic  limit,  it  will  be  leas  iit  the  biiaking  jioiut.  He  was 
indebted  to  Mr.  Sanders  for  a  suggestion  which  appeared  to  him  to  be  a 
perfect  solution  of  this  apparent  anomaly.  Fig.  B  representa  a  juint  to 
be  tested.  It  will  retain  this  form  until  the  strain  is  safiicient  to  produce 
ooiisidorablc  movement  in  the  structnre,  that  is  until  the  elastic  limit  is 
passed,  but  before  rapture  takes  place,  these  thin  pliable  plates  will 
take  the  form  shown  in  Fig.  C.    With  the  two  plates  in  the  line  of  strain. 


T^^i^ 
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and  the  joint  canted  over  to  a  considerable  angle,  in  this  position  the 
resistance  of  the  joint  will  not  be  measui'ed  by  the  thickness  of  the  plates 
measured  at  right  angles  to  the  plate,  bnt  by  a  longer  line  square  to  the 
lineof  stress,  butdiagonaltotheplate.  8ee«  6,Fig.C.  On  reference  to  the 
fractured  specimen  it  was  found  that  this  was  exactly  what  had  happened. 
Fig.  0.  is  in  &ct  scaled  from  the  fractured  joint,  and  the  fracture  is  not 
square  to  the  plate,  but  inclined  at  a  considerable  angle,  the  area  of 
fracture  being  therefore  greater  than  that  assumed  accounts  for  the 
Apparent  strengt^h  of  joint.  Now  this  action  did  not  take  place  in  the 
models,  as  he  would  be  glad  to  show  anyone  who  cared  to  see  and  examine 
both  the  models  and  the  test  specimens.  Only  one  model  could  be 
ruptured,  and  in  that  the  joint  has  not  taken  this  form,  and  the  line  of 
iphive  is  not  inclined,  but  square  to  the  plate. 
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He  could  not  even  admit  Mr.  Walliker's  forlorn  plea,  that  even  if  the 
present  rules  are  wrong  they  are  good  enough,  and  err  on  the  right  side, 
because  it  is  bad  engineering  to  use  a  factor  of  safety  of  10  to  12  in  the 
shell  plates  while  all  the  other  parts,  which  are  far  more  subject  to  wear 
and  tear,  have  only  a  factor  of  5  to  6.  The  best  working  and  lasting 
structure  is  one  of  uniform  strength,  and  to  insist  upon  carrying  additional 
weight,  which  is  not  only  useless,  but  mischievous,  and  to  increase  the 
first  cost  in  order  to  get  an  inferior  article  is  an  unmitigated  evil.  To 
hint  that  because  we  now  build  good  boilers  we  need  not  try  to  build 
better,  is  opposed  to  the  whole  spirit  and  function  of  this  Institution,  as 
it  is  to  the  spirit  of  progress  which  has  brought  our  practice  to  its  present 
high  level. 

To  sum  up  this  argument,  the  attempts  to  explain  away  the  fact  tha*. 
these  models  sustained  a  pressure  about  double  of  that  possible  by 
accepted  theory,  had  completely  broken  down.  The  theory  itself  had 
been  proved  to  be  based  on  an  omission,  and  can  only  be  supported  by 
arguments  which  are  palpably  unsound.  The  theory  proposed  by  him 
last  year  was  also  wrong  from  omitting  to  take  into  consideration  one 
of  the  factors  in  the  problem,  namely,  the  distribution  of  shearing  strain. 
The  amended  theory  now  before  them  takes  into  consideration  all  the 
possible  ways  in  which  the  shell  plates  of  boilers  can  be  affected  by 
pressure,  namely,  circumferential  tension,  bending  moments,  and  shearing 
stress.  It  shows  how  these  must  be  distributed  up  to  the  elastic  limit, 
what  happens  after  that  limit  is  of  no  practical  consequence  to  the  boiler 
maker.  While  asserting  that  his  theory  is  true  as  far  as  it  goes,  he 
admits  it  is  not  complete,  as  the  relation  between  the  shearing  resistance 
of  the  plate  and  the  actual  and  relative  dimensions  of  the  boiler  is  not 
determined,  and  so  far  as  he  can  judge,  can  not  be  determined  without 
further  experiment. 

The  Past-President  said  he  would  not  attempt  to  follow  the  various 
gentlemen  who  had  spoken.  They  were  very  much  indebted  to  Mr. 
Spence  and  to  the  gentlemen  who  had  co-operated  with  him  in  these 
experiments.  These  experiments  were  very  satisfactory;  they  had  been 
carried  out  honestly  and  fairly,  and  the  paper  was  before  the  Institution. 
The  discussion  had  been  very  valuable,  and  gave  them  much  information. 
He  begged  to  move  a  vote  of  thanks  to  Mr.  Spence  for  his  very  valuable 
paper. 

The  proposal  was  cordially  received. 

The  meeting  then  adjourned. 
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The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Newcastle,  on  March  9th,  which  were  approved  by  the  members 
present,  and  signed  by  the  Vice-President. 

The   Secretary  read  a  paper  on  "Electrical   Engineering,  with 
Special  Reference  to  Electric  Lighting  "  by  Mr.  W.  C.  Mountain. 
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ELECTRICAL  ENGINEERING,  WITH  SPECIAL  REFERENCE 

TO  ELECTRIC  LIGHTING. 


By  W.  C.  mountain. 


[RSAD  BBFOBB  THB  InSTITTTTION  IN  NbWCASTLB-ON-TtNB,  MaBOH  23RD,  1891.} 


The  writer  of  this  paper  proposes  to  deal  generally  with  electric  lighting, 
as  this  branch  of  electrical  engineering  is  unquestionably  of  more  interest 
to  the  engineers  and  shipbuilders  on  the  North-East  Coast  than  other 
branches,  such  as  the  telephone  and  the  telegraph. 

Before  the  various  systems  of  electric  lighting  can  be  clearly  explained 
it  becomes  necessary  to  give  a  short  explanation  of  the  electrical  terms 
and  units  used  in  practical  work. 

The  practical  units,  which  correspond  to  the  pressure  and  foot-pounds 
as  used  by  engineers,  are  the  volt,  the  ampere,  and  the  ohm,  and  also  the 
watt. 

The  volt  is  the  unit  of  electro-motive  force  or  pressure,  and  is  usually 
written  E.M.F.  The  legal  volt  is  the  electro-motive  force  which  main- 
tains a  current  of  one  ampere  in  a  conductor  whose  i-esistance  is  a  legal 
ohm.  In  speaking  of  volts  or  E.M.F.,  the  electrical  engineer  uses  this 
term  in  the  same  way  that  an  engineer,  accustomed  to  steam  practice, 
uses  pounds  pressure  per  square  inch,  and  when  he  speaks  of  a  machine 
giving  an  E.M.F.  of  so  many  volts  he  means  that  the  machine  gives  an 
electrical  pressure  which  to  an  engineer  conveys  the  idea  of  so  many 
pounds  pressure  per  square  inch. 

The  volt  is  equal  to  one  hundred  million  C.G.S.  units  of  E.M.F.,  or 
about  7  per  cent,  less  than  the  E.M.F.  of  a  standard  Daniell's  cell  (the 
E.M.F.  of  a  standard  Daniell's  cell  being  about  1*1  volts),  which  is,  as 
is  well-known,  a  primary  battery  consisting  of  copper  and  zinc  elements, 
the  copper  Ixjing  inunei'sed  in  a  solution  of  sulphate  of  copper,  and  the 
zinc  in  a  solution  of  sulphuric  acid  and  water,  the  two  elements  being 
di\4ded  by  a  porous  ix)t. 

E.M.F.  is  equivalent  to  the  difference  of  potential  between  two  points. 

The  ampere  is  the  unit  of  current,  and  to  describe  it  practically,  the 
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impure  m  that  amount  of  coirent  which  deoompoeeB  '00009824  gzammeB 
of  water  per  second,  or  depoeitB  4*025  grammes  of  silver  per  hoar,  and 
886*4  amperes  will  deposit  1  lb.  of  copper  per  hoar. 

The  next  unit  is  the  ohm,  which  is  the  unit  of  resistMioe,  and  is  equal 
to  the  resistance  of  a  column  of  pure  niercuiy  one  square  millinietze  in 
section,  and  106  centimetres  long  at  a  temperature  of  melting  ioe. 

In  order  to  still  farther  convey  the  meaning  of  these  units,  and  to 
provide  for  a  practical  way  to  apply  them,  a  further  unit,  namely,  the 
watt,  is  used,  the  watt  being  equal  to  1  volt-ampere.  A  watt  or  voli* 
ampere  represents  the  amount  of  work  done  by  the  dynuno  or  generator 
in  a  second,  and,  asflnming  that  a  dynamo  is  giving  a  current  of  100 
amperes  at  an  E.M.F.  or  pressure  of  100  volts,  these  multiplied  together 
give  10,000  volt-amp6res  or  watts,  total  output  of  the  machine.  746 
watts  or  volt-amp6res  are  equal  to  one  electrical  horse-power,  and  oone- 
sponds  to  the  83,000  foot-pounds  per  minute  used  in  engineering  as  the 
standard  horse-power. 

Therefore  in  order  to  ascertain  the  horse-power  required  to  drive  a 
dynamo  of  any  given  capacity,  the  total  number  of  watts  have  to  be 
divided  by  746,  which  gives  the  electrical  horse-power  generated.  Of 
course,  as  no  dynamo  is  capable  of  giving  out  the  whole  of  the  power  pot 
into  it,  the  electrical  and  commercial  efficiency  of  the  machine  has  to  be 
taken  into  consideration,  but  as  good  dynamos  of  reasonable  sise  are 
capable  of  converting  96  per  cent,  of  the  actual  power  put  into  them  into 
electrical  energy,  and  also  as  the  total  commercial  efficiency  of  good  maidiinai 
is  as  high  as  90  to  93  per  cent.,  and  in  some  cases  slightly  higher,  it  follows 
that  the  formula  for  working  out  the  actual  power  required  to  drive  a 

J  •  *u  «:  •  ^  AA  *  10,000  X  100  -  -  ^« 
dynamo  is,  assummg  the  etnciency  at  90  per  cent.,     ^    — —  =  14'89, 

or  say  15  horse-power  on  the  dynamo  pulley  for  a  dynamo  generating 
10,000  watts,  or  what  is  known  as  a  10  unit  machine. 

This  power  is  usually  described  as  brake  horse-power,  and  of  course 
the  indicated  horse-power  necessary  to  produce  a  given  brake  horse-power 
varies  in  different  makes  of  engines,  but  assuming  that  the  brake  horse- 
power of  an  engine,  to  be  on  the  safe  side,  is  75  per  cent,  of  the  total 
indicated  power,  then  an  allowance  equal  to  this  hajs  to  be  made  between 
the  brake  horse-power  and  the  indicated  power  in  estimating  the  size  and 
power  of  the  engine  required. 

Under  the  provisions  of  the  Electric  Lighting  Act  the  Board  of  TAde 
has  issued  regulations  in  which  1,000  watt-hours  of  electrical  energy  are 
termed  one  unit.    It  is  therefore  customary  to  give  the  output  of  a  dynamo 
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as  of  BO  many  units,  calculated  from  its  output  in  watts  divided  by  1,000, 
the  pressure  and  current  being  suited  to  the  work  for  which  the  dynamo 
is  intended. 

In  charging  for  a  supply  of  current  it  is  usual  to  make  a  charge  of  so 
much  per  unit,  a  unit  of  current,  as  an  example,  being  the  quantity 
required  to  feed  16  to  16  16  candle-power  incandescent  lamps  for  one 
hour,  assuming  that  each  16  candle-power  lamp  requires  about  60  watts. 

Another  unit  which  we  shall  have  to  deal  with  in  the  course  of  this 
paper  is  the  Une  of  force.  The  expression  lines  of  force  is  used  to  explain 
the  amount  of  magnetism  produced  in  a  bar  of  iron  by  the  magnetising 
coil  placed  round  it,  and  it  has  been  found  by  experiment  that  good  soft 
iron  is  capable  of  being  magnetised  to  an  intensity  of  about  20,000  Lines 
of  force  per  square  centimetre  of  cross  section,  and  for  cast  iron  about 
11,000,  or  say  180,000  per  square  inch  for  wrought  iron  and  70,000  for 
cast  iron ;  but  it  is  not  customary  to  work  to  this  high  induction  in 
dynamo  designing,  because  it  is  too  near  the  point  of  saturation,  this  being 
a  point  where  any  increase  of  magnetising  power  in  the  coils  does  not  give 
a  proportionate  increase  in  the  strength  of  the  magnet. 

An  electro-magnet  consists  of  a  bar  of  wrought  or  cast  iron  upon 
which  a  coil  of  wire  is  wound,  the  lines  of  force  being  produced  when  a 
current  of  electricity  flows  through  the  magnetising  coil.  Assuming  that 
the  coil  is  wound  right-hand,  then  a  current  ehtering  the  coil  at  one  end 
and  passing  out  at  the  other  end  would  magnetise  the  bar  in  such  a  way 
that  the  north  pole  would  be  on  the  left-hand  side  of  a  figure  swimming 
with  the  current. 

Without  going  into  fundamental  units  it  will  be  sufficient  to  state 
that  one  hundred  million  lines  of  force  cut  in  one  second  by  a  wire  pro- 
duces an  E.M.F.  of  one  volt.  From  this  unit  we  are  therefore  able  to 
calculate  the  exact  E.M.F.  which  a  dynamo  should  give  when  driven  at 
a  given  speed  with  a  given  number  of  conductors  wound  round  the 
armature,  of  course,  asaumiug  that  the  magnets  give  a  magnetic  mtensity 
of  so  many  lines  of  force  per  square  inch  section. 

Having  now  described  tlie  practical  units  we  are  able  to  understand 
more  clearly  the  construction  of  a  dynamo  electric  machine,  and  as  the 
chief  item  in  an  installation  of  electric  light  is  the  dynamo,  and  as  it 
requires  to  be  thoroughly  understood  by  engineers  and  shipbuilder,  the 
writer  hopes  that  he  will  be  excused  if  the  explanation,  which  he  proposes 
to  give,  is  somewhat  longer  than  would  appear  necessary. 

The  design' of  all  dynamos  is  biised  on  the  fact  discovered  by  Faradiiy, 
in  1831,  that  a  current  of  electricity  is  generated  in  conductors  by 
moving  them  in  a  magnetic  field. 
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Faraday's  principle  may  be  described  as  follows : — ^When  a  conductor 
is  moved  iii  a  field  of  magnetic  force  in  any  way  so  as  to  cat  lines  of 
force,  there  is  an  E.M.F.  produced  in  the  conductor  in  a  direction 
at  right  angles  to  the  direction  of  the  lines  of  force,  and  to  the 
right  of  the  lines  of  force  as  viewed  from  the  point  from  which  the 
motion  originates.  This  may  be  more  clearly  explained  by  AMPERKS 
rule.  Supposing  a  figure  swimming  in  any  conductor  to  turn  so  as  to 
look  along  the  (positive  direction  of  the)  lines  of  force,  then  if  he  and 
the  conductor  be  moved  towards  his  right  hand  he  will  be  swimming  ia 
the  current  induced  by  this  motion. 

A  dynamo  electric  machine  consists  of  three  essential  parts,  the  field 
magnets,  the  armature,  and  the  commutator.  For  the  purpose  of  explain- 
ing more  clearly  the  construction  of  a  dynamo  an  illustration  (No.  1, 
Plate  XXVII.)  is  given  showing  a  Tyne  two-pole  continuous  current 
dynamo  in  section. 

The  field  magnets  are  of  soft  iron,  and  on  reference  to  the  illustra- 
tion it  will  be  observed  that  they  are  in  the  shape  of  a  U,  commonly 
known  as  the  horse-shoe  magnet,  the  yoke  being  cast  in  the  bed-plate  and 
forming  a  portion  of  the  magnetic  circuit. 

On  the  magnet  the  magnetising  coils  are  placed,  these  being  wound 
in  one  or  other  of  the  various  ways  which  will  be  described  later  on. 
The  armature  which  revolves  between  the  north  and  south  poles  of  the 
field  magnets  is  coloured  blue  on  the  illustration,  and  consists  of  a  gun- 
metal  core  upon  which  charcoal  iron  wire  is  wound  between  plates  until 
the  requisite  diameter  is  obtained,  the  wire  Ixiing  wound  under  heavy 
tension  so  that  the  resulting  core  is  extremely  solid,  comijact,  and 
true. 

The  reason  for  laminating  armature  cores  is  to  prevent  the  formation 
of  eddy  currents  and  consecjuent  heating  in  the  core.  Whether  the  core 
is  composed  of  thin,  soft  ii'on  i)lates,  as  in  the  drum  and  cylinder  type, 
or  of  wire  as  shown,  it  is  necessaiy  to  divide  the  surface  into  planes 
])arallel  to  the  lines  of  force  and  to  the  direction  of  motion.  (Reference 
will  be  made  later  on  to  other  tyi)es  of  armatures,  but  this  does  not  affect 
the  lieneral  (lescrii)tion  of  the  action  of  a  dynamo.) 

xVfter  the  armature  core  is  wound  the  coiJiHjr  conductors  ai-e  wound 
upon  it  at  right  angles  to  the  direction  of  rotation.  The  (.'onducting  wii-es 
on  the  armature  are  insulated  with  a  double  covering  of  cotton,  or  braided 
with  cotton  or  silk  covered  as  the  makers  may  decide,  but  l>efore  the 
sections  are  wound  uj)on  the  armature  core  it  must  be  carefully  insulated, 
BO  that  there  is  no  fear  of  the  copi)er  conductors  making  contact  w^ith  the 
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iron,  otherwise  leakage  of  the  cuiTent  from  the  annature  conductors  to  the 
iron  core  of  the  armature  through  the  frame  of  the  machine  to  the  earth 
would  occur. 

In  order  to  more  clearly  explain  the  construction  of  the  annature  core 
the  writer  exhibits  a  core  wound  with  iron  wire  and  also  a  core  wound 
with  the  copper  conductors,  and  it  will  be  noted  that  these  copper  conduc- 
tors are  wound  in  sections  and  joined,  so  that  they  form  a  continuous  coil 
round  the  armature,  the  inside  end  of  one  section  being  joined  to  the 
outside  end  of  the  next  section,  the  two  ends  being  brought  down  to  join 
to  the  commutator. 

The  number  of  turns  of  wire  on  the  armature  and  the  section  of  wire 
depend  on  the  E.M.F.  and  the  current  which  the  machine  has  to  give 
when  finished,  and  of  course  the  actual  number  of  armature  turns  is 
calculated  on  the  formula  that  one  hundred  million  lines  of  force  have  to 
be  cut  in  one  second  to  produce  one  volt.  It  may  here  be  mentioned  that 
it  is  the  current  or  amperes  which  heats  the  wire,  and  not  the  volts  or 
pressure. 

To  illustrate  this  explanation  as  to  the  E.M.F.  generated  in  an  arma- 
ture we  will  take  as  an  example  a  dynamo  which  is  magnetised,  so  that 
four  million  magnetic  lines  are  forced  through  the  armature  core  by  the 
field  magnets.  The  armature  is  wound  with  160  convolutions,  and  runs 
at  a  speed  of  1,050  revolutions  per  minute.    The  E.M.F.  is  therefore — 

4,000,000  X  1,050  X  160  _  ..^  ^^^.^ 
60^100,000,000  ^^"^  ^''^^^' 

The  commutator  consists,  in  all  continuous  current  machines,  of  a 
number  of  copper  bars  corresponding  to  the  number  of  sections  in  the 
annature.  The  method  of  constnicting  the  commutator  varies  with 
different  makers  of  dynamos,  but  on  reference  to  the  sectional  drawing 
(No.  1,  Plate  XXVII.)  it  will  be  observed  that  the  copper  bars  are  mounted 
upon  a  gun-metal  sleeve,  the  ends  of  the  commutator  bars  being  recessed 
with  a  V  into  which  the  V-shaped  collars  fit,  and  the  whole  is  locked 
together  by  the  lock  nut  at  the  end  of  the  sleeve.  This  method  of  con- 
struction has  the  advantage  that  it  enables  the  commutator  to  be  bodily 
removed  from  the  machine  without  disturbing  the  sections,  which  is  some- 
times a  matter  of  great  importance  where  it  is  desired  to  put  on  a  new 
commutator  in  the  least  possible  space  of  time. 

The  copper  commutator  sections  are  insulated  with  mica,  the  ends 
of  the  copper  sections  being  also  insulated  from  the  gun-metal  sleeve, 
either  by  asbestos  or  in  any  other  way  which  the  makers  may  prefer. 
After  the  commutator  has  been  placed  upon  the  spindle  the  loose  ends, 
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The  E.M.F.  in  the  armature,  and  consequently  the  current,  is  gener- 

sited  in  one  direction  as  the  armature  leaves  the  magnet  pole,  and  in  the 

^^)pposite  direction  as  it  approaches  the  magnetic  pole  of  the  opposite  name ; 

'therefore  it  will  be  seen  that  the  object  of  the  commutator  is  to  commu- 

iate  the  current  so  that  the  two  currents,  flowing  in  opposite  dii'ections, 

are  brought  together  and  pass  out  through  the  positive  brush  to  the  outer 

circuit,  returning  through  the  negative  brush  to  the  armature. 

The  continuous  current  dynamo  is,  of  course,  constructed  in  other  than 
the  two-pole  types,  and  for  large  output  the  writer  has  designed  a  four- 
pole  dynamo,  which  is  similar  to  illustration  No.  2,  Plate  XXVIT.  For 
very  large  machines  the  number  of  poles  have  been  still  further  increased 
in  various  types  of  dynamos.  Amongst  these  may  be  mentioned  the 
Gulcher  dynamo,  as  made  by  the  Grulcher  Electric  Company,  Tiimited, 
the  Kapp  dynamo  for  central  station  work,  made  by  Messrs.  Johnson 
&  Phillips,  and  the  Victoria  dynamo,  as  made  by  the  Brush  Company. 

The  advantage  of  increasing  the  number  of  poles  in  dynamos  of  large 
capacity  consists  in  the  increased  ventilation  in  the  armature  due  to  the 
larger  diameter,  and  consequently  increased  surface,  of  armature  passing 
through  the  air,  also  the  fact  that  the  armature  conductors  are  smaller  in 
size.  The  resistance  of  the  armature  is  also  very  low,  the  current  being 
divided  into  four,  six,  or  eight  paths  in  parallel,  in  accordance  with  the 
number  of  poles  in  the  dynamo,  and  also  to  the  fact  that  it  is  somewhat 
difficult  in  large  polar  surfaces,  where  the  reaction  of  the  armature,  due  to 
induction,  is  considerable,  to  maintain  an  even  field,  without  which  spark- 
ing at  the  commutator  is  likely  to  occur. 

The  next  type  of  dynamo  which  has  recently  come  into  considerable 
use  is  the  alternating  current  machine,  which,  as  the  name  implies,  gener- 
ates a  current  flowing  first  in  one  direction  and  then  in  the  other.  A 
dynamo  of  this  description  is  illustrated  by  drawing  No.  3,  Plate  XXVII., 
and  it  will  be  observed  that  it  differs  from  the  continuous  current  dynamo 
in  the  following  important  features : — 

The  field  magnets  are  increased  in  number  and  placed  radially  round 
the  armature,  being  united  by  the  framing  of  the  machine,  which  forms 
the  yoke  to  the  electro-magnets.  In  the  machine  illustrated  there  are  ten 
magnets,  arranged  alternately  north  and  south. 

The  armature  of  an  alternating  current  dynamo  differs  from  the  con- 
tinuous current  dynamo  somewhat  considerably,  although  the  construction 
of  the  armature  core  is  practically  the  same,  with  the  exception  that  the 
section  of  core  is  considerably  greater  in  proportion  to  the  section  of  the 
field  magnets  than  it  is  in  the  case  of  the  continuous  cun-ent  machine ; 
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for  the  reason  that,  when  iron — which  is  mftgnetiaed — passes  rapidly 
between  altemuto  polea,  the  rapid  ma^etiaatioii  and  demiignetiaation  of 
the  iron  prodnces  exoeaeive  heating  if  the  iron  ib  too  highly  maf^uetised ; 
therefore,  in  order  to  reduce  the  sti'ength  of  mi^i^netiBation,  the  section  is 
increased  so  that  the  total  density  of  hnes  of  foi'ce  passing  through  the 
arioatnre  does  not  exceed  about  40,0(10  lines  per  acjuai*  inch  section. 

On  the  periphery  of  the  armature  ten  coils  are  woniid,  corresponding 
to  the  number  of  magnets,  these  coils  being  connected  t<^ther  in  such  a 
way  that  the  current  through  the  armature  ia  in  one  direction  when  the 
coils  are  passing  through  one  set  of  magnet  poles,  but  in  the  opposite 
direction  when  passing  thraugh  the  next  set  of  jwles.  The  ends  of  these 
coils  are  connected  to  two  collecting  rings,  insulated  froiii  each  other  by 
clmnite,  or  any  other  thoroughly  ofiicient  manner. 

Of  course,  in  alternating  current  machines,  the  current  generated  by 
the  machine  itself  cannot  be  iised  for  exciting  the  field  rai^nets,  because 
it  is  necessary  that  their  ]iolarity  should  remain  constant,  which  would  not 
be  the  case  with  alternating  current«.  It  is  therefore  customary  to  excite 
the  mt^nets  from  a  small  continuous  current  machine,  which  is  termed 
the  exciter,  the  exciter  being  driven  either  by  an  extension  of  the  dynamo 
spindle  or  independently,  at  the  discretion  of  the  designer. 

A  small  alternating  cmrent  dynamo,  capable  of  mnning  200  16  candle- 
power  incandescent  lamps,  and  coiistmcted  to  give  an  outpnt  of  from  12 
to  14  ampferes  at  an  E.M.F.  of  1,000  volts,  is  exhibited  to  more  clearly 
explain  this  description. 

Having  now  briefly  described  the  conetraction  of  a  dynamo,  it  becomes 
necessary  to  consider  the  class  of  dynamo  most  suitable  for  a  given  dnt^, 
that  is  to  say,  whether  the  machine  is  to  be  used  for  driving  incandescent 
lamps  in  parallel,  arc  lamps  in  series,  for  chargii^  accumulators,  or  for 
electro-plating  or  depositii^. 

In  order  to  explain  the  difference  between  series,  shnnt,  and  compoand 
wound  dynamos,  iUnstrationa  Nos.  4, 5,  and  6,  Plate  XXVIII,,  are  shown. 

Dr.  John  Hopltinson  was  the  first  to  suggest  the  representation  of  the 
properties  of  a  dynamo,  or  the  relations  subsisting  between  the  E.M.F. 
and  the  current  by  curves,  which  are  now  called  characteristic  curves. 
The  curves  correspond  to  the  indicator  diagrams  of  a  steam  engine,  and 
by  plotting  out  these  curves  from  actual  machines  it  is  possible  to  know 
just  as  mnch  abont  a  dynamo  as  about  a  steam  engine. 

On  reference  to  illustration  No.  4,  which  represents  a  aeries  dynamo,  it 
will  be  seen  that  the  current  passes  from  the  positive  brush  round  the 
magnets  to  the  outer  circuit,  and  returns  throi^h  the  negative  brush  to 
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the  annature.  The  characteristic  curve  of  this  dynamo  is  shown  by 
illustration  No.  7,  Plate  XXIX.  The  vertical  line,  which  is  divided  into 
ten  parts,  represent^  the  E.M.F.  of  the  machine,  and  for  the  purpose  of 
explanation,  the  E.M.F.  is  assumed  to  be  100  volts.  The  horizontal  Une 
represents  the  current  given  by  the  machine,  and  is  also  divided  into 
ten  parts.  The  total  cuiTent  of  the  machine  is  assumed  to  be  100 
amperes. 

On  starting  the  machine,  the  outer  circuit  being  open,  a  very  weak 
E.M.F.,  as  before  explained,  is  generated  in  the  armature,  but  owing  to 
the  outer  circuit  being  open,  there  is  no  increase  until  the  current  can 
flow  from  the  positive  to  the  negative  terminal  through  some  fonn  of 
resistance,  such  as  arc  or  incandescent  lamps.  If  the  extenial  resistance 
is  high  very  little  current,  naturally,  passes  through  it,  owing  to  the 
E.M.F.  being  low,  but  as  this  resistance  is  decreased,  either  by  inserting 
more  lamps  in  circuit,  that  is,  in  parallel,  the  E.M.F.  of  the  machine 
rises  because  more  current  flows  through  the  lamps,  strengthening  the 
magnets  until  sufficient  current  passes  through  them  to  bring  the 
machine  up  to  its  full  pressure,  which  is  represented  by  the  curved  line 
rising  from  zero,  and  which,  with  a  current  of  70  amperes,  brings  the 
total  E.M.F.  of  the  machine  up  to  100  volts.  At  this  point  the  magnets 
become  saturated,  that  is  to  say,  that  the  increased  excitation  due  to 
extra  current  passing  round  them  does  not  produce  a  corresponding 
increase  of  lines  of  force  and  consequently  a  liigher  E.M.F.  The 
resistance  of  the  annature,  which  is,  of  com-se,  a  constant,  then  has  to 
be  considered,  and  any  additional  cuiTent  which  may  be  taken  from  the 
machine  reduces  the  total  E.M.F.,  and  the  line  of  E.M.F.  drops  from 
100  volts  at  70  ampei*es  to,  say,  90  volts  at  100  amperes. 

It  will  therefore  be  seen  that  the  series  dynamo  is  unsuitable  for 
incandescent  lighting,  but  it  is  specially  suited  for  arc  lighting  in  series, 
as  it  is  necessary  in  series  arc  lighting  that  a  slight  variation  in  resist- 
ance of  the  circuit,  due  to  the  feeding  of  the  lamps,  should  not  disturb 
the  E.M.F.  of  the  machine,  otherwise  the  lamps  would  jump  and  the 
light  be  continually  varying. 

No.  5  illustration,  Plate  XXlll.,  represents  the  connections  of  a  shunt 
wound  dynamo,  and  it  will  be  seen  that  the  field  magnets  fonn  a  shunt  to  the 
main  circuit  from  the  brushes.  On  i-eference  to  the  diagram  representing 
the  action  of  a  shunt  wound  machine  it  will  be  seen  that  upon  the  machine 
beuig  started  the  E.M.F.  rises  up  to  the  full  E.M.F.  for  which  the 
machine  was  designed,  i.e.^  100  \olts,  whether  there  is  any  work  on  the 
•  machine  or  not,  because  the  magnets  producing  a  weak  E.M.F.  sets  up 
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M  SM.V.  in  Uk  unaaUoK  wtoA  aend>  ■  w^k  anTeat  nNud  the  •faont 
«atli  «f  tbr  ouewt.  AmictlKiui^  then  until  Hk  full  EJILF.  of  thu 

Wbeo  wort  k  pot  nficm  ■  sliam  wmnd  dytiamo  the  EJLF.  is  tlic 
unwtore  i»  ndaobS  ui  jircpportJon  to  the  mnvnt  flowinff  roond  iL  For 
inflUnv,  wppoKOf^  thai  tbe  annatnre  has  a  nsislance  of  1  of  an  ohm, 
iind  H  mnvnt  of  l(t<>  amp^rcs  was  [awing  roaod  tiie.  armature  coile,  the 
cirop  in  B.M.F.  wonld  bt  10  volts,  1ii»>dk  the  drop  of  presstinf  in  a, 
wire,  whctlwr  on  an  armalare  or  a  main  oondnctor  to  thv  lanips,  is 
foand  hf  mnltiplyint;  ttit'  reaifit&iiDe  of  thait  armatare  or  L-oailnotor  in 
utiiD*  by  tliu  i:ii)T«nt  iu  aDijiffnis  Sowing  llirough  it,  Tt  will  thns  lie 
Di'^ii  thut  whtiu  tile  tvtul  f^timrnt  uf  100  amperes  is  being  taken  from 
tlie  tnucliine  ttu;  E.M.P.  \»  nAmtA  by  20  volts,  bringing  the  rtsultaiit 
RH.F.  in  the  oator  oircmt  to  80  volts,  m  Bhown  by  digram  No,  8,  Plate 
XXIX. 

In  this  calcnUtioD  the  reustunoe  of  the  Krmatare  alone  has  been 
Uikeii  luto  cfliiniili^ratiou  for  sinipUcitj'B  Bakt%  bnt  in  addition  to  this 
thum  in  Hk  ]om  iluu  to  ihf.  eniulter  current  paseing  round  the  mti^Dete 
iit  tlio  lower  i)re»(uro  which  would  miike  the  resultant  E.M.F.  still  lower. 

II  will  be  Buen  from  this  description  thiit  a  gUunt  wound  ma«hine  is 
not  milted  for  running  incandescent  lamjis  mileaa  a  voriiible  resistance  is 
plaotxl  in  the  field  niagnet  circuit,  and  regnlakid  so  that  the  ;imount 
of  current  paaaing  through  the  magnets  exactly  keeps  the  pressure  con- 
stant; hut  in  practice  it  is  found  far  better  to  make  a  self-i-egnlating 
dyniuno  which  will  keep  the  B.M.F.  constant  whatever  tbe  load  in  the 
outer  circuit  may  be. 

The  shunt  wound  dynamo,  however,  is  used  for  chai-ging  accumulators, 
beoaiMO  in  tbe  event  of  tlic  dynamo  stopping  ov  running  at  such  a  speed 
that  its  t'.M.F.  is  less  than  tbe  E.M.F.  of  tbe  nccumnlatoi-B,  the  cuiTent 
which  ivtuina  from  the  accumulators  passes  round  the  magnets  in  the 
same  dinn^tion  as  tbe  current  from  the  machine  itself,  and  consequently 
does  not  denit^;notiae  the  magnets,  as  it  wonld  with  a  series  wound 
maoliiuo, 

llluatratiun  No.  (I,  Plate  XXVIII,,  represents  the  winding  of  a  com- 
IHiuml  wound  dyntuno,  which  is  now  almost  nniver»dly  adopted  for  running 
iuwudewx^ut  oraiv  lam)e  in  im-tdUI.  It  wdl  lie  st-eii  on  inference  to  the 
.Itagrtuu  that  lite  magnets  are  wound  with  a  double  winding,  one  winding 
twing  shunt  and  the  other  a-ries.  When  the  machine  is  started,  and  when 
the  uuly  corivnl  geiH-rah'<)  is  ihe  euiTent  passing  round  the  shunt  coils,  the 
dyiMUiMi  ^ivett  its  n^ll  E.M.F.  of,  stty,  l(»>  volts. 
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The  series  coils,  which  are  shown  by  the  thick  lines,  are  connected  so 
that  the  main  current  passing  from  the  brushes  to  the  outer  circuit  flows 
round  them,  increasing  their  strength  in  such  a  proportion  that  whatever 
the  amount  of  current  may  be  in  the  outer  circuit  the  magnets  are  so 
increased  or  decreased  in  strength  that  they  exactly  produce  a  correspond- 
ingly greater  or  less  E.M.F.  in  the  armature,  which  compensates  for  the 
loss  due  to  the  resistance  of  the  armature  giving  a  constant  pressure  in  the 
outer  circuit  whatever  the  current  may  be  It  is  usual,  however,  to  so 
wind  the  magnets  that  the  E.M.F.  fells  slightly  at  light  load,  allowing  for 
any  slight  increase  of  speed  in  the  engine.  This  is  represented  by 
illustration  No.  9,  Plate  XXIX. 

This  system  of  compound  winding  was  originally  introduced  by 
Varley,  the  object  of  the  shunt  coil  being  to  give  the  machine  a  start. 

These  explanations  respecting  the  characteristic  curves  and  properties 
of  different  kinds  of  dynamos,  apply  not  only  to  the  two-pole  dynamo,  but 
all  other  classes.  For  instance,  the  type  sho\vn  in  illustration  No.  1,  Plate 
XXVII.,  represents  as  far  as  the  general  magnet  arrangement  is  concerned, 
the  machines  manufactured  by  Messrs.  Ell  well  Parker,  W.  H.  Allen 
&  Co.,  Paris  &  Scott,  W.  T.  Goolden  &  Co.,  etc.  The  inverted  magnet, 
i.e,,  with  the  magnets  tunied  the  other  way,  the  yoke  being  at  the  top, 
represents  the  machines  built  by  Messrs.  Holmes  &  Co.,  Mather  &  Piatt, 
The  Silvertowu  Co.,  Latimer,  Clark,  &  Co.,  etc. 

The  multipolar  dynamo,  that  is,  with  four  or  more  poles,  is  manufac- 
tured by  Messrs.  Johnson  &  Phillips,  The  Brush  Co.,  The  Gulcher  Co., 
and  the  writer's  firm,  Messrs.  Ernest  Scott  &  Mountain.  The  principal 
difference,  however,  in  these  types  of  dynamos  is  in  the  construction  of 
the  armature,  and  illustrations  Nos.  10, 11,  and  12,  Plate  XXX.,  show  the 
three  types  of  armatures  in  common  use. 

Illustration  No.  10,  Plate  XXX.,  represents  the  dnira  armature,  which 
was  originally  invented  by  Hefner  von  Alteneck,  of  the  firm  of  Messrs. 
Siemens  &  Co.,  and  was  really  a  modification  of  the  original  Siemens's 
shuttle  wound  armature  used  in  the  old  Wilde  machine.  In  the  dmm  type 
of  armature,  as  originally  made  by  Messrs.  Siemens,  the  core  was  constructed 
of  a  wood  boss  mounted  on  a  spindle,  but  hollowed  out  in  the  centre,  and 
filled  up  with  iron  wire  wound  into  the  recess,  over  which  copper  conductors 
were  wound.  Dr.  John  Hopkinson  then  made  considemble  modifications  in 
the  design  of  the  Edison  machine,  and  produced  what  is  now  known  as 
the  Edison-Hopkinson  dynamo. 

The  armature  of  this  machine  is  made  up  of  a  number  of  thin,  soft  iron 
washers  mounted  upon  a  spindle  and  secured  at  one  end  by  a  flat  wrought 
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iniii  washer  butting  agaiiiat  a  uollar  on  the  spindle,  aud  at  the  other  end 
by  a  washur  and  lock  nut.  This  makes  a  very  strong  mecbanicul  arrange- 
ment, aud  is  now  more  or  le§a  oopieil  by  the  whole  of  the  dynamo  makers 
mttoufactaring  this  type  of  armaturu.  The  copper  conductors  are  wonud 
over  the  am-faoe  of  the  core  lengthways,  iike  u  shntUe. 

Illustration  No.  11,  Piute  XXX.,  represents  the  Gramme  armature  now 
known  aa  the  cylin<ler  or  ring  annatiire.  Gramme  originally  invented  this 
armatnreaboul  the  year  1871,  and  it  wsis  conatraeted  by  winding  iron  wire  on 
a  formec  or  mould.  When  the  wire  had  been  wound  up  to  a  sufficient  thick- 
nesa  and  leiigtii  the  mould  was  removed,  and  the  conducting  wires  wound 
lengthways  on  the  outside  of  the  core,  returning  through  the  inside,  the 
number  of  tm'ua  aud  sections  depending  on  the  size  and  outpnt  of  the 
machine. 

After  the  amiatui'e  was  woand  it  was  driven  tight  on  to  a  wooden  hub, 
which  was  then  put  into  the  lathe,  the  armature  set  true,  and  a  hole  bored 
through  the  centre  of  the  wooden  hub  into  which  the  spindle  waa  Ktl-ed, 
the  power  for  driving  the  annature  being  transmitted  hy  the  friction 
between  the  hub  and  the  ioside  conductors  on  the  armature  core. 

This  aiTangetneiit  was  also  very  unmechanical,  and  the  GranUne  or 
cylinder  annatnrea  are  now  almost  univei-sally  consti-ucted  with  a  number 
of  thin  iron  washers  with  holes  throagh  the  centre.  These  are  cnimped 
together,  usually,  between  gun-metal  drivers  cut  away,  so  that  the  wire  can 
be  wound  in  Ifi'lwi'cn  thv  arms,  the  conducting  wires  being  wound  in 
sections  on  the  outside,  returning  through  the  centre  hole,  and  then  joined 
in  the  usual  way  to  the  commutator. 

Illustration  No.  12,  Plate  XXX.,  represents  the  disc  armature.  The 
core  is  constructed  in  various  ways  by  difTerent  manufacturers ;  but  the 
usual  practice  is  either  to  wind  it  up  with  thin  hoop  iron  or  else  with  rec- 
tangular wire,  as  in  the  Tyne  dynamo,  the  iron  core  being  supported  by 
an  internal  ring  with  driving  arms. 

Prom  these  diagrams  it  will  he  seen  that  the  chief  point  which  dynamo 
manu&cturers  have  aimel  at  is  to  make  a  thoroughly  mechanical  attach- 
ment between  the  armature  core  and  the  driving  spindle,  the  iron  plates, 
washers,  or  wire,  being  so  arranged  that  eddy  currents  are  not  generated, 
and  heating  of  the  core  is  a\'oided. 

Having  now  described  the  diiTerent  classes  of  dynamos  suittd  for  the 
different  systems  of  installation  work,  diagrams  Nos.  l;-i  to  19,  Plates 
XXXI.  and  XXXII.,  illustrate  the  various  systems  of  distribution  in 
general  use,  which  may  be  briefly  summarised  as  the  Parallel  system. 
Series  system,  and  the  Thi-ee-Wire  system. 
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The  parallel  system  is  represented  by  dia^am  No.  13,  Plate  XXXI., 

its  simplesi  form,  and  it  will  be  noted  that  the  positive  and  negative 

"^raes  are  taken  along  side  by  side,  i'.^.,  parallel  with  each  other,  and  the 

^amps  joined  across  at  intervals  where  required.     In  this  system  it  must  be 

:««membered  that  it  is  usual  to  work  with  a  constant  E.M.F.  between  the 

dynamo  terminals,  therefore  the  amount  of  current  generated  by  the  dynamo 

IS  exactly  in  proportion  to  the  number  of  lamps  which  are  burning, 

because  the  current  given  out  by  the  machine  naturally  depends  upon 

the  resistance  in  the  outer  circuit,  and  the  feet  of  putting  in  more 

lamps  reduces  the  resistance  between  the  positive  and  negative  wires 

allowing  more  current  to  pass. 

Diagram  No.  14,  Plate  XXXI.,  represents  the  same  system,  but  with 
branches  running  in  various  directions,  and  it  will  be  noted  that  the  same 
general  principle  is  carried  out,  and  this  may  be  taken  as  a  fair  represen- 
tation of  a  small  incandescent  light  installation.  The  dynamo  is  marked 
D,  and  a  main  double-pole  switch  is  placed  next  to  the  dynamo.  From 
the  main  switch  board  two  vertical  mains  are  run,  and  the  branch  mains 
are  tapped  off  where  required.  It  is  desirable  to  put  a  fiisible  cut-out, 
which  usually  consists  of  a  slate  or  china  base  with  two  terminals  con- 
nected between  the  wire  in  such  a  way  that  the  current  passing  along 
the  wire  has  to  pass  up  one  terminal  through  a  length  of  tin  fuse  wire 
to  the  other  terminal  and  then  along  the  cable.  The  object  of  this  cut- 
out is  to  provide  that  if  a  short  circuit  should  occur,  that  is,  the  two 
wires  come  in  contact  and  an  excessive  current  pass  through,  the  tin 
fuse  wire  melts  and  the  current  is  cut  out. 

In  working  an  installation  upon  the  parallel  system,  which  is  the 
system  in  use  throughout  all  classes  of  ship  work  and  low  tension 
Incandescent  electric  lighting,  it  is  necessary  to  proportion  the  section 
of  cables  so  that  they  will  safely  carry  the  current  required  without 
heating,  and  also  to  provide  against  an  excessiv^e  drop  of  potential 
between  the  dynamo  and  the  lam|)s. 

The  fire  insurance  companies  have  now  issued  rules  in  which  they 
state  that  a  density  not  exceeding  1,000  amperes  per  square  inch  section 
of  copper  in  the  conductors  is  pennissible,  and  it  is  found  in  practice 
that  this  density  is  an  extremely  satisfactory  one,  at  any  rate,  for  small 
cotiductors  carrying  up  to  one  or  two  hundred  lamps. 

Assuming  that  a  cable  has  to  caiTy  a  given  number  of  lamps  the 
size  is  readily  found  by  reference  to  the  tables  which  are  used  by  the 
cable  makers  and  electric  light  engineers.  The  following  is  a  copy  of 
a  table  which  will  be  useful  for  reference: — 
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TABLE  No.  XIIT. 


1 
0 

7/22 
7/20 
7/18 
7/16 
7/15 
7/14 

19/20 
L9/18 
19,16 
L9/15 
19/14 
1912 

37/16 

37/14 
37/12 


Diam 
Inch. 

eter. 
M/m. 

1 

Sectional  1 
Area. 
Inch.      1 

i 

Resijtance 

per 
lOOyardf. 

Oarrylnf 
Capacity 
l.OOOper 
84  inch. 

Number  of 

16  O.P. 

66  Volts. 

Number  of 

16  O.P. 
100  Volts. 

1 

Number  of 

2.000  O.P. 

Tyno  Aros. 

•028 

•711 

•0006 

Ohma. 
41616 

•06 

1 

•036 

•914 

•0010 

2-4607 

10 

1 

1 

•040 

1^02 

•0012 

2-0387 

12 

1 

2 

•048 

122 

•0018 

1-4168 

18 

2 

3 

•056 

1-42 

•0024 

10404 

2^4 

3 

4 

•064 

162 

•0032 

•7894 

32 

4 

6 

•072 

1-83 

•0040 

•6239 

40 

5 

7 

•080 

203 

•0050 

•5098 

50 

6 

9 

•092 

234 

•0066 

•3855 

6^6 

8 

12 

•104 

2&i 

•0085 

•3026 

8-5 

10 

15 

1 

•116 

2-94 

•0105 

•2424 

105 

12 

19 

1 

•128 

325 

•0128 

•1991 

12-8 

15 

23 

•084 

213 

•0044 

•58537 

4-4 

5 

8 

•108 

274 

•0072 

•35436 

7-2 

9 

13 

1 

•14i 

3^66 

•0128 

•19920 

12-8 

15 

23 

•192 

4-88 

•0229 

•11207 

22-9 

27 

40 

2 

•216 

5-49 

•(J289 

•08854 

28-9 

34 

50 

3 

•240 

610 

•0356 

•07190 

35-6 

42 

64 

4 

•180 

457 

•0198 

•12975 

19-8 

23 

35 

2 

•240 

6^10 

•0340 

•07293 

34-9 

40 

63 

4 

•320 

812 

•0624 

•04105 

624 

72 

112 

7 

•360 

914 

•0789 

•03243 

789 

92 

140 

9 

•400 

101 

•0973 

•02628 

97-3 

112 

172 

11 

•520 

132 
11-3 

•1647 

•01554 

164-7 

190 

290 

18 

1      -448 

•1219 

•02100 

121-9 

143 

220 

14 

!      -560 

142 

•1909 

•01344 

1909 

220 

340 

24 

•728 

18^4 

•3217 

•00795 

321-7 

1 

370 

670 

40 

The  above  table  is  worked  out  at  56  watts. 

An  ordinary  H)  candle-power  100  volt  incandescent  lamp  requires  60 
itts  to  feed  it.  Tn  slii])  work  it  is  usual  to  make  the  E.M.F.  from  60  to 
>  volts,  as  this  E.^F.F.  is  suitahle  for  workinc:  arc  lamps  and  projectors. 
lis  E.]\r.F.  of  ()<)  volts  necessitates  a  current  of  1  am]')^re  beinj};  used  for 
ch  16  (,'andle-]X)wer  lamp,  or  hy  workin<]^  at  100  volts  '6  of  an  ampere 
i*e(juired.  Assuminir  that  it  is  required  to  feed  100  lamps,  it  will  be 
und  that  a  cahh^  composed  of  nineteen  wires,  Xo.  1 4  L.S.G.,  has  a  sectional 
ea  of  '0073  of  a  square  inch,  and  is  therefore  ca])able  of  carrying  07'3 
ii])eres.  The  100  lamps  would  require  100  amperes,  which  is  near 
ouirh  for  j>ractical  pur])oses. 

The  next  ])oint  to  be  (Considered  is  the  drop  of  potential  at  the  end  of 
cable  when  the  whok;  of  the  lamps  are  burninir.  The  resistance  of  100 
rds  of  10  14  cable  is  "020  of  an  ohm,  which,  multiplied  by  the  current, 
•    '•no  jiniprrcs.  ufivcs  a  drop  of  )»otential  of  'i'fJ  volts,  that  is  to  say,  that 
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h  )00  jardfl  of  cable  absorbs  practically  2^  volts  when  working  at  a 
ensit^  of  1,000  amperes  per  square  inch  section  of  copper,  so  that  the 
ynamo  has  to  be  constructed  to  give  a  slightly  higher  E.M.F.  than  the 
^3K)tential  actually  required  at  the  terminals  of  the  lamps  to  provide  for  the 
Hose  due  to  the  resistance  of  the  leads. 

If  the  lamps  are  at  a  considerable  distance  from  the  dynamo,  and  it  is 
<lesired  to  get  anything  like  regulation  over  the  whole  of  the  circuit,  the 
section  of  copper,  of  course,  has  to  be  increased  to  provide  for  this. 

Diagrams  No.  15,  Plate  XXXI.,  represents  the  series  system,  which  is 
usually  used  for  arc  lighting.  The  arc  lamps  (or  incandescent  lamps,  if  it 
is  proposed  to  run  incandescent  lamps  on  this  plan,  which  is  never  done 
except  for  street  lighting)  are  joined  in  series,  the  current  at  a  high  E.M.F. 
passing  from  the  dynamo  through  the  lamps  in  series,  ».«.,  one  after  the 
other,  and  back  again  to  the  dynamo.  In  running  arc  lamps  in  series  it  is 
customary  to  allow  about  50  volts  per  lamp,  so  that  with  10  lamps  in 
series  it  would  require  an  E.M.F.  of  500  volts;  and  assuming  they  were  10 
ampk^,  i.e.,  2,000  candle-power  nominal  arc  lamps,  a  current  of  10 
amperes  is  necessary. 

It  will  be  seen  at  a  glance  that  the  economy  of  this  system  depends 
upon  the  fact  that,  instead  of  increasing  the  current  as  is  done  in  the 
parallel  system,  the  E.M.F.  is  increased,  consequently  the  cost  of  the  cable 
is  only  one-tenth  of  what  it  would  have  been  if  the  10  lamps  had  been  run 
in  parallel,  when  a  current  of  100  amperes,  that  is,  10  amperes  per  lamp, 
would  have  been  required,  necessitating  a  cable  of  10  times  the  sectional 
area.  This  system  is  largely  used  for  lighting  streets,  docks,  or  large 
distributed  areas. 

Diagram  No.  16,  Plate  XXXI.,  represents  the  three-wire  system, 
which  was  originally  invented  by  Edison,  and  has  been  much  used  by  him 
in  lighting  towns  in  America.  This  system  is  now  finding  considerable 
favour  in  England  for  the  lighting  of  compact  areas  where  there  are  a 
large  number  of  lamps  required.  Two  dynamos  are  joined  in  series,  as 
shown,  so  that,  assuming  they  are  100  volt  machines,  the  total  E.M.F.  of 
the  two  machines  joined  together  is  200  volts. 

A  main  positive  wire  and  a  main  negative  wire,  with  a  difference  of 
potential  between  them  of  200  volts,  and  a  third  wire  of  smaller  section, 
which  is  called  the  intermediate  wire,  the  latter  being  connected  between 
the  positive  and  negative  terminals  of  the  dynamo,  are  run  from  the 
dynamo  to  the  point  where  the  lights  are  required,  say  along  a  main 
street.  The  branches  for  the  houses  to  the  right-hand  side  of  the  street 
are  tapped  off  between  the  intermediate  wire  and  the  outer  main  wire  on 
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the  righb-haud  side.    The  bronchcB  for  the  houses  on  the  left-hand  dde  of 
the  street  are  tiip[Xid  off  between  the  left-hand  main  wire  and  the  inter- 


Assnming  an  equal  number  of  lamps  are  burning  on  each  side  of  the 
street,  the  whole  of  the  lamps  are  two  in  seriea,  the  centre  wire  canying 
no  current ;  but  in  the  event  of  the  number  of  lamps  burning  on  one  side 
of  the  street  being  greater  than  on  the  other  side,  the  centre  wire  carries 
baok  to  the  dynamo  any  difference  in  quantity  of  current  between  the 
two  aides.  It  is  therefore  only  necesaary  to  make  the  two  outer  wires 
lai>;e  enough  to  carry  the  cmTcnt  at  an  E.M.F.  of  200  volts,  the  centre 
wii-e  being  of  sufficient  capacity  to  cairy  any  probable  difference  in  current 
there  may  be  between  the  lighting  on  one  side  and  the  other. 

The  cost  of  cables  by  this  system  is  slightly  over  half  what  they  would 
cost  if  the  two  dynamos  had  been  run  in  parallel  at  100  volts  each, 
-  because  the  cost  of  a  conductor,  as  previously  stated,  depends  not  upon 
the  E.M.F.,  but  on  the  current, 

A  system  of  incandescent  lighting,  which  was  at  one  time  used  on  the 
high  tension  arc  light  circuits  at  Eastbourne  and  several  other  places,  is 
shown  on  Diagram  17.  Plate  XX5I. 

Assuming  that  the  difference  of  potential  between  the  dynamo  termin- 
als was,  say,  1,000  volts,  and  that  800  volte  were  required  to  work  16  ai-c 
tamps,  four  groups  of  50  volt  incaudesceut  lamps  could  be  arranged  in 
series,  as  shown  on  diiitrnini.  The  current  ivi.nikl  [in^f  tliroii^^h  the  arc 
lampe,  then  through  the  incandescent  lamps,  and  back  to  the  dynamo. 
If  the  working  current  is  10  amperes  the  incandescent  lamps  would  be 
arranged  to  take  1  ampere  each,  i.e.,  60  watts;  but  the  great  objection  to 
this  system  has  always  been  that  in  the  event  of  one  lamp  breaking  the 
remainder  of  the  lamps  have  to  take  the  whole  of  the  current,  the  reason 
being  that  the  one  lamp  forms  such  a  small  total  of  the  whole  resistance 
of  the  circuit  that  the  10  amperes  flowing  would  be  divided  amongst  the 
remainii^  nine  lamps,  which  would  very  quickly  cause  them  to  break 
through  over  running,  i.e.,  running  them  above  their  normal  candle-power. 

Several  magnetic  devices  have  been  introduced,  so  that  in  the  event  of 
a  lamp  breakiug  a  resistance  equal  to  the  lamp  is  switched  into  circnit,  or 
another  lamp  switched  in ;  but,  unfortunately,  nearly  all  magnetic  arrange- 
ments of  this  kind,  although  they  work  excellently  in  a  laboratory,  seem 
to  fail  when  used  in  practical  work. 

This  system,  however,  has  been  very  little  used,  and  the  description  is 
only  given  to  explain  how  incandescent  lamps  can  be  run  on  an  arc  light- 
ing circuit  for  the  benefit  of  those  who  may  have  an  arc  light  dynamo  and 
require  to  mn  a  few  incandescent  lamps. 


^ 
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Diagram  No.  18,  Plate  XXXII.,  represents  a  system  originally  tried 
at  Colchester,  and  has  since  been  adapted  by  the  Chelsea  Supply  Co. 
The  dynamos  are  high  tension  machines,  a  small  main  cable  making  a 
Jomplete  circuit  round  the  district  to  be  lighted.  The  accumulators  are 
ixed  at  various  points  on  the  circuit  and  charged  in  series,  the  current 
or  lighting  the  lamps  being  taken  from  the  accumulators  when  they 
i.re  switched  out  of  the  charging  circuit.  Of  course,  a  set  of  accumulators 
ian  be  used  for  lighting  one  house  or  for  a  group  of  houses,  the  lamps 
Deing  tapped  off  the  accumulators  in  parallel  as  illustrated. 

Diagram  No.  19,  Plate  XXXII.,  illustrates  a  low  tension  distribution 
scheme  which  has  been  carried  out  at  several  supply  stations  in  England 
ind  abroad.  The  arrangement  consists  of  feeders  branching  off  from  the 
oiain  supply  station  to  a  number  of  points  about  equidistant  from  the 
generating  plant.  The  current  is  then  fed  into  ring  mains  which  can 
either  both  run  round  together,  or  one  wire  may  be  taken  round  in  one 
direction  and  the  other  in  the  reverse  direction,  as  shown  on  the  dia- 
gram, which  gives  an  equal  E.M.F.  over  the  whole  system.  Of  course, 
T)ranche8  are  tapped  off  on  either  side  of  the  ring  mains  for  feeding  the 
lamps  within  a  reasonable  distance. 

Diagram  No.  20,  Plate  XXXIII.,  shows  the  general  arrangement  .of 
a  dynamo  and  set  of  accumulators  as  used  for  isolated  installations,  such 
as  private  houses  or  distribution  schemes  on  the  accumulator  system.  On 
reference  to  the  diagram  it  will  be  seen  that  the  positive  pole  of  the 
dynamo  is  connected  to  the  main  charging  switch  on  the  main  switch 
board,  the  negative  pole  of  the  dynamo  being  connected  to  a  five  or  more 
contact  switch. 

Between  the  main  charging  switch  and  the  dynamo  an  automatic 
cut-out  and  an  amperemeter  is  placed,  the  former  being  arranged  to 
automatically  switch  in  and  out  the  charging  circuit  when  the  dynamo  is 
started  or  stopped,  or  if  the  E.M.F.  of  the  dynamo  should  by  accident 
fall  below  the  E.M.F.  of  the  accumulators,  and  thus  prevent  any 
possibility  of  the  armature  coils  of  the  dynamo  being  burnt  up  by  the 
return  current  from  the  cells,  the  latter  measures  the  current  passing 
into  the  accumulators  or  outer  cii'cuit  from  the  dynamo. 

By  means  of  the  cross-bar  on  the  main  switch  the  contact  block  con- 
nected with  the  positive  terminal  of  the  dynamo,  marked  Dl,  can  be 
connected  direct  to  the  positive  terminal  of  the  accumulators,  marked 
A,  the  negative  five-contact  switch  being  also  joined  to  the  last  five 
cells  of  the  accumulators,  the  stud  connected  to  the  handle  of  the  switch 
being  joined  to  the  negative  pole  of  the  dynamo,  so  that  by  moving  the 
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handle  bo  that  the  tongae  bears  on  any  one  of  the  five  contacU  the 
negative  pole  of  the  dynamo  is  connected  to  the  accumulatora.  Charg- 
ing then  commoncea,  and  when  the  cells  are  (nlly  charged,  which  can 
be  ascertained  by  the  sulphuric  acid  nud  water  haring  apipftreiitly  tcnied 
milky,  or  the  specific  gravity  ascertained  by  means  of  a  hydrometer,  the 
switch  is  moved  so  that  the  aKiond  contact  L  on  the  charging  switch  is 
joined  to  the  fli'at  contact  A  comraunicating  with  the  accumulators.  The 
tail  end  of  the  switch  on  the  long  sliding  contact  Dl  now  bears  on  an 
insulated  block  and  disconnects  the  dynamo  from  the  accnmulutora,  the 
cmrent  passing  from  the  accmnnlator  terminal  &.  to  the  lamps  through 
the  terminal  L. 

To  run  the  dynamo  and  accnmulators  together  it  is  only  necessHij  to 
move  the  cross-bar  of  the  switch  round  a  httle  further  when  the  current 
from  the  dynamo  t^minal  D  passes  atToss  the  cross-bar  of  the  switch  and 
the  current  from  the  dynamo  is  united  with  the  current  flowing  fi-om  the 
accumulators,  both  currents  passing  out  together  through  the  lamp  cii-cuit 
terminal  L  direct  to  the  lamjB.  By  moving  the  switch  i-onud  a  little 
further  the  accumulators  can  be  cut  out,  and  the  dynamo  feeds  the  lamps 
direct,  the  current  piisaing  from  the  terminal  P  across  the  cross-bar  and 
out  throngh  the  terminal  L. 

The  object  of  the  five-contact  swit«h  on  the  negative  pole  of  the  dynamo 
is  to  enable  extra  cells  to  he  switched  in  aHer  discharge  has  taken  place 
for  some  little  time  to  com]ienBnte  for  the  drop  of  [)otenti;il  which  takes 
place  when  the  cells  are  partially  discharged,  by  adding  one  or  two  extra 
oella  as  required,  each  cell  adding  2  volts  extra  pressure. 

It  is  customary  to  fix  a  voltmeter  for  all  accumulator  installations  bo 
that  the  E.M.F.  at  the  terminals  of  the  dynamo  and  the  accumulators  can 
both  be  read  when  required. 

Acctunntfttors,  in  anything  like  a  practical  form,  were  introduced  by 
Plante,  and  at  that  time  consisted  of  a  number  of  plain  lead  plates 
immersed  in  a  solution  of  snlpboric  acid  and  water.  The  plates  had  then 
to  be  formed  by  passing  a  current  of  electricity  into  them,  which  oxidised 
the  positive  plat«.  The  current  was  then  reversed  when  the  oxidised 
plates  were  gradually  turned  to  spongy  lead,  the  n^cative  plates  then 
became  the  positive  plates,  being  coated  with  lead  oxide.  This  action 
was  again  reversed  ontil  there  was  a  good  coating  of  oxide  on  the  positive 
plates  and  the  negative  plates  became  like  spongy  lead.  As  can  be  readily 
Been,  this  type  of  accumulator  was  very  defective  from  the  fact  that  when 
the  cells  had  got  into  their  best  working  condition  they  became  so  rotten 
that  they  fell  to  pieces. 
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Improvements  in  construction  were  taken  in  hand  by  Faure,  Sellon, 
and  Volkmar,  who  patented  amongst  them  a  system  of  forming  the  plates 
of  lead  grids  filled  in  with  lead  oxide,  the  oxide  blocks  being  inserted  into 
tiie  metallic  grid  in  such  a  way  that  they  would  not  fall  out.    These 
patents  were  acquired  by  the  Electrical  Power  Storage  Company,  and 
Messrs.  Ellwell  Parker,  of  Wolverhampton,  obtained  a  license  to  manu- 
&ctnre  them  under  these  patents.     These  concerns  are,  however,  amal- 
gamated, and  known  as  the  Electric  Construction  Corporation.     The 
sccnmulators  are  made  in  various  sizes,  that  is,  the  number  of  plates  per 
oell  is  increased  in  the  larger  sizes,  although  the  actual  size  of  the  plates 
about  the  same.     It  is  found  by  practice  that  the  discharge  which  can 
taken  from  an  ordinary  accumulator  is  about  4  amperes  per  positive 
>late. 

A  new  type  of  cell  for  rapid  discharges  has  been  introduced  very 
^Xately  ;  in  this  type  the  discharge  can  be  as  high  as  8  amperes  per  positive 

A  se{  of  accumulators  to  run  100  lamps,  seeing  that  the  E.M.F.  of 

-^^ach  cell,  when  discharging,  is  2  volts,  consists  of  50  cells,  each  containing 

^1  plates,  the  total  E.M.F  of  the  50  being  100  volts,  and  the  discharge 

-which  they  are  capable  of  giving,  as  a  maximum  in  regular  work,  is  60 

^mpferes,  or  6,000  watts  total  output  for  8  to  10  hours  when  fully  charged. 

TTheae  cells,  of  course,  are  joined  in  series,  as  shown  on  the  diagram,  and 

'the  lead  plates  are  either  put  into  glass  jars  for  land  use,  enabling  the 

plates  to  be  examined,  or  for  traction  purposes  they  are  put  into  teak 

boxes. 

Accumulators  have  been  largely  used  not  only  for  lighting,  but  for 
the  storage  of  electricity  for  tram  cars,  electric  launches,  and  a  variety  of 
other  purposes,  but  there  is  an  unavoidable  loss,  due  to  the  difference 
between  the  charging  E.M.F.  and  the  output,  because  it  is  necessary  to 
charge  them  at  an  E.M.F.  of  2^  volts  per  cell  to  overcome  their  counter 
E.M.F.  and  internal  resistance,  the  discharging  E.M.F.  being  only  2  volts. 
Notwithstanding  this  loss,  however,  the  convenience  of  having  a  supply  of 
electricity  stored  against  emergency  makes  them  veiy  valuable  for  private 
house  installations  and  for  central  stations  on  the  parallel  system. 

Diagram  No.  21,  Plate  XXXIII.,  illustrates  the  distribution  of 
electricity  by  transformers.  But  before  explaining  this  system  it  is 
necessary  to  give  a  brief  description  of  the  transformer  itself. 

Everyone  is  acquainted  with  the  Rhumkorff  induction  coil,  which  is 
used  for  medical  purposes,  and  for  passing  sparks  of  electricity  at  high 
tension  through  vacuum  tubes.    The  action  of  an  induction  coil  depends 
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Upon  the  fact  that  when  lines  of  force  are  generated  in  a  bar  of  iron  bj 
the  primary  current,  and  the  contact  suddculy  broken,  a  cuireut  of 
electricity  is  indnced  in  tlie  secondary  coil  Bnrroonding;  the  magiiet.  The 
transformer  is  really  an  induction  coil,  but  without  the  make  and  break 
arrangenaent  on  nn  ordinaiy  Rhumkorff  coil,  and  in  its  simpleat  form 
coDfiiBta  of  A  bar  of  iron  wound  with  two  wires,  the  primary  wire  coils 
being  connected  between  the  mains  of  the  high  tension  alternating  system, 
the  aecondary  wire  coils  communicating  with  the  lamps. 

Upon  a  cmrrent  of  electricity  pasaing  hi  one  direction  through  the 
primary  coils  the  iron  is  magnetised,  but  when  the  nejt  wave  of  electricity 
passes  in  the  opposite  direction  the  iron  ia  demi^etlaed  and  then 
monetised  in  the  opposite  direction.  This  rapid  magnetisation  aiid 
demagnetisation  of  the  iron  produces  lines  of  force  which  cut  through 
the  secondary  coils  and  generate  an  E.M.F.  and  current  in  them,  bearing 
an  exact  ratio  between  the  number  of  tnms  of  wire  ou  the  primary  and 
the  secondary  tioils.  For  instance,  assuming  a  transformer  working  at 
2,000  volts  was  wound  with  2,Uf)0  turns  of  wire,  it  would  be  necessary  to 
wind  100  tuiTis  of  wire  on  the  aecondary  coil  to  produce  an  E.M.F.  of  100 
volte,  but  as  it  is  not  only  necessary  to  rednce  the  E.M.F.,  but  to  increase 
the  current,  the  sectional  area  of  the  secondary  wbe  is  increased  in 
diameter,  so  that  it  is  20  times  the  area  of  the  primary. 

A  transformer  as  made  by  the  writer's  firm  is  shown  on  iUustmtion 
No.  22,  Plate  XX2IT.  A  transformer  is  also  exhibited  capable  of  running 
40  16  candle-power  lamps.  By  means  of  this  ingenious  device,  which 
has  no  moving  parte  and  requires  no  attention  whatever,  the  difficulties 
of  high  tension  alternating  current  distribution  has  been  solved,  and  all 
that  is  necessary  is  to  run  a  pair  of  high  tension  mains,  as  shown  on 
diagram  No.  21,  up  a  main  street,  placing  the  transformers  on  either  side 
of  the  road,  and  simply  tapping  off  the  mains  to  the  different  honses,  and 
connecting  them  to  the  tmnsforraers. 

It  is  usual  in  high  tension  alternating  current  work  to  run  the  cables 
underground  in  iron  pipes,  cast  iron  junction  boxes  with  water-tight 
covers  being  placed  where  required,  so  that  branches  may  be  tiipped  off 
at  intervals  to  the  houses.  Some  firms  have  used  concentric  cables,  that 
is,  a  cable  in  which  the  current  passes  through  the  copper  conductor 
in  the  centre,  which  is  insulated  from  an  outer  conductor  through  which 
the  current  returns  to  the  dynamo,  this  being  also  insulated  so  that  there 
is  no  leakage  to  earth.  The  object  of  the  conccntiic  cable  is  to  avoid 
induction  in  telephone  wires.  The  objection  to  this  class  of  cable  is  that 
it  is  more  difficult  to  joint  than  two  oi-dinary  cables. 
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The  alternating  transformer  system,  owing  to  the  high  tension  and  the 
small  section  of  the  conductor  necessary,  is  considerably  less  expensive 
than  the  low  tension  system  in  cost  of  conductors,  because  the  sectional 
area  of  cable  required  in  the  low  tension  system,  assuming  the  distribu- 
tion at  100  volts,  is  as  20  to  1  in  favour  of  the  high  tension  at  2,000 
volts.  It  would  be  impossible  to  economically  distribute  current  over 
an  area  where  the  lamps  are  any  distance  from  the  dynamo  by  the  low 
tension  system,  as  the  following  calculation,  showing  relative  efficiencies 
of  the  parallel  low  tension  and  alternating  high  tension  systems  on  the 
basis  of  running  500  16  candle-power  60  watt  lamps,  1,000  yards  from 
the  dynamo,  the  conducting  cables  having  in  both  cases  a  sectional  area 
equal  to  1,000  ampferes  per  square  inch  will  show  : — 

Low  Tension  Gontinuotts  Current. 

500  lamps  each  taking  60  watts  require — 
500 
60 


30,000  watts  =  300  ampferes  x  100  volts. 

To  carry  a  current  of  300  amperes  you  will  require  a  cable  consisting 
of  37  wires.  No.  12  L.8.6.,  with  a  sectional  area  of  -321  square  inches, 
and  a  resistance  of  '078  per  1,000  yards. 

Resistance  *078  ohms  per  1,000  yards. 


•156      per  2,000  yards,  i.e.,  out  and  home. 
300  amperes. 


46-800  =  46-8  volts  loss  in  leads, 
so  the  dynamo  would  have  to  give — 

100  volts  at  lamps  -h  46*8  loss  =  146*8  volts. 
146-8 

300  amperes. 


44,040-0  watts. 

80,000  X  100       ^^  ^     ^  .  ^      ^ 

—  —  =  68  per  cent,  efficiency  of  system. 

High  Tension  Alternating  System, 

500  16  candle-power  60  watt  lamps  require  80,000  watts,  which  at 
2,000  volts  is  equal  to  15  amperes  of  current. 


u  9  I 

VM 

1 


ui   [o^uin;  a  unuic  equal   to 
»a  of  -OieS  isdies,  and  a 


S'lS  per  8,000  jwdB  oot  and  home. 
15  smpAies. 


46-60  =  46'6  Tt^ta  Ion  in  leads, .      . 
aa  ttw  dynamo  wonld  buve  to  give — 

2,004     Tdti  at  tiauafonuar  +  46-S, 
46-6 

S,046-6    ToltB  at  c^namo. 
IK    uip^w. 


30,699-0    wattiB. 
SQ.QOO  X  100 
30,699 


98  per  cent,  efficiency  of  aystem. 


There  is  a  small  loss  in  the  transformer  of,  say,  S  to  4  per  cent. ;  bnt  the 
total  efficiency  of  the  system  at  full  load  wonld  certainly  be  as  high  as 
92  per  cent.,  against  68  per  cent,  ou  the  low  tension  scheme. 

Another  feature  in  favour  of  the  alternating  current  system  is,  that 
the  E.M.F.  at  the  lamps  would  be  practically  constant,  whatever  the  load 
wonld  be,  whereas  with  the  continnons  current  system  the  E.U.F.,  with 
one  lamp  on,  would  rise  to  146  volta,  nnless  it  was  automatically  adjusted, 
and,  of  course,  destroy  the  lamps. 

The  cost  of  the  two  syetemB,  in  cable  only,  wonld  be  approximately: — 
«       ■.   d. 

2,000  yards  37/12  cable         1,180    0    0 

2,000      „       1/9      „  88     0    0 

This  is  a  very  important  saving,  seeing  that  the  cost  of  laying  a  small 
cable  is  less  than  a  lai^e  one. 
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Having  now  described  the  different  classes  of  dynamos,  and  the  various 
systems  of  electric  lighting  in  practical  use  at  the  present  tune,  the  appli- 
cation of  the  electric  light  to  steamships  can  be  readily  explained ;  and, 
to  represent  the  two  systems  in  use  at  the  present  time,  the  writer  has 
prepared  two  diagrams,  Nos.  23  and  24,  Plate  XXXV. 

Diagram  No.  28,  Plate  XXXV.,  shows  an  ordinary  system  of  single 
wire  distribution  on  board  ship  in  its  simplest  form.  A  main  conductor 
is  run  from  one  end  of  the  ship  to  the  other,  connected  to  the  positive  pole 
of  the  dynamo  marked  D ;  the  negative  pole  of  the  dynamo  is  connected 
to  the  iron  or  steel  hull  of  the  ship.  The  current  is  then  tapped  off  from 
the  positive  main  running  fore  and  aft,  through  the  incandescent  lamps, 
which  may  either  be  in  groups  or  singly,  and  the  wire  from  the  other  side 
of  the  group  of  lamps  connected  to  the  hull,  so  that  the  hull  of  the  ship 
acts  as  the  negative  return  conductor  to  the  dynamo.  Of  course  it  is 
usual,  in  ship  installations,  to  divide  the  lighting  up  into  several  circuits : 
for  instance,  one  circuit  would  be  taken  to  the  fore  end  of  the  ship  and  the 
other  run  aft,  and  probably  a  third  circuit  would  be  used  for  the  engine 
room ;  but,  however  many  circuits  there  may  be,  the  diagram  represents 
the  actual  system.  Main  switches  are,  of  course,  placed  on  a  main  switch 
board  in  the  engine  room  connected  to  each  of  the  circuits,  with  a  fusible 
cut-out  to  each,  so  that,  in  the  event  of  any  short  circuit,  the  fuse  would 
melt,  and  prevent  any  possibility  of  fire.  Where  the  lamps  are  tapped  off 
these  main  branch  switches  should  also  be  placed,  and  where  the  mains 
are  reduced  in  sectional  area  cut-outs  are  also  placed,  because,  although  a 
large  cable  might  not  get  hot,  with  a  certain  leakage  a  small  cable  would 
get  dangerously  hot  and  cause  fire ;  therefore  it  is  necessary  to  protect  the 
smaller  cable  by  a  cut-out  at  its  junction  with  the  larger  cable.  Fusible 
cut-outs  should  also  be  placed  in  all  positions  where  a  single  lamp  is  tapped 
off  the  main  circuit  and  connected  to  the  hull. 

The  double  wire  system  is  represented  by  diagram  No.  24,  Plate 
XXXV.,  and  in  this  arrangement  the  whole  of  the  electric  light  circuit  is 
carefully  insulated  from  the  ship,  there  being  a  positive  wire  from  the 
dynamo  to  the  lamps  and  a  negative  return  wire  connected  with  the 
n^ative  pole  of  the  dynamo. 

In  this  system  of  lighting  it  is  also  desirable  to  divide  the  installation 

into  a  number  of  circuits  not  only  to  provide  against  any  possibility  of  a 

» 

total  breakdown  in  case  of  a  circuit  going  wrong,  but  also  to  enable 
different  parts  of  the  ship  to  be  lighted  when  required  from  the  engine 
room,  and  thus  place  the  control  of  the  installation  in  the  hands  of  the 
dynamo  attendant  or  the  engineer  in  charge. 

In  the  double  wire  system  the  main  distributing  switch  board  is  also 

N  N 
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The  writer  exhibits  various  samples  of  cables  which  have  beeu  kindly 
lent  to  him  by  the  India-Rubber,  Gutta  Percha,  and  Telegraph  Works 
Company.    These  cables  show  the  different  classes  of  insulation,  also  lead 

covered  and  armoured  cables,  together  with  the  different  methods  of 

jointing. 

In  jointing  cables  it  is  very  necessary,  not  only  to  ensure  that  a  perfect 

metallic  joint  is  made,  but  also  to  avoid  the  use  of  any  substances,  when 

soldering,  that  is  liable  to  cause  injury  to  the  wires.    When  jointing  a 

straight  stranded  conductor  consisting  of  19  wires,  the  12  outside  wires 

iKnust  be  turned  back,  leaving  the  7  wires  of  the  centre  strand  projecting; 

fcheae  are  then  scarfed,  and  the  two  laid  together,  after  being  thoroughly 

'fcinned.    They  are  then  bound  together  with  fine  binding  wire — preferably 

tinned — and  soldered  with  good  hard  solder,  resin  being  used  as  a  flux. 

Six  of  the  outer  wires  in  each  end  of  the  cable,  i,e,,  half  the  total  number 

^)f  wires,  are  then  cut  off,  and  the  remaining  6  wires  of  each  end  of  the 

^»ble  laid  together,  forming  a  complete  cable  of  19  wires,  t.e.,  7  inside 

^^nd  12  outside.    These  are  then  bound  with  binding  wire  at  each  end,  and 

"the  whole  soldered  together,  so  that  a  perfect  metallic  joint  is  made.  This 

method  of  binding  is  illustrated  by  the  samples  exhibited. 

After  the  joint  is  made,  it  should  be  bound  with  india-rubber  strip, 
india-rubber  solution  being  used  to  ensure  a  perfect  joint  between  the  several 
layers  of  india-rubber  strip.  After  being  well  insulated  with  india-rubber, 
the  joint  should  be  bound  with  solution  tape,  which  is  a  tape  impregnated 
with  a  solution  of  india-rubber,  and  made  waterproof  on  the  outside.  The 
joint  is  then  finally  finished  by  being  coated  with  Chatterton's  compound, 
which  is  a  compound  made  of  Stockholm  tar,  pitch,  and  several  other 
ingredients,  and  makes  the  joint  thoroughly  waterproof. 

In  making  a  T-joint,  /.«.,  where  a  branch  is  taken  from  the  main 

conductor — the  strand  is  usually  divided,  one-half  being  twisted  round  the 

cable  on  the  right-hand  side  and  the  other  half  twisted  round  on  the  left- 

iand  side  of  the  joint.     The  whole  is  then  soldered  with  resin,  and  the 

joint  finally  completed,  as  before  explained. 

For  high  tension  underground  work  still  greater  care  has  to  be  taken 

in  fointing,  and  it  is  desirable  to  vulcanise  the  joints  after  they  are  coated 

with  the  india-rubber  tape.     This  is  done  by  placing  the  joint  in  a  cast 

mould   with  sulphur,  and  keeping  the  temperature  at  290  to  800 

until  the  whole  is  vulcanised  together.     The  final  insulation  is  the 

®  vrith  the  ordinary  joint.    A  sample  of  a  vulcanised  T-joint  is 

h^n    explaiiii"^  this  description. 

^  '  ,  .     liffhtins:,  where  the  space  at  disposal  for  the  engine  and  dynamo 

1  'TTiited  it  is  necessary  to  make  them  as  compact,  and  at  the  same 
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time  as  efficient,  as  poesible,  TJnfortnTiately,  in  many  cases  the  ensrine  iind 
liynamo  has  not  received  the  care  and  itttcntioii  from  the  enpineers  on  board 
ehip  that  it  should  have  done,  probably  because  it  has  been  stowed  away 
in  any  hole  or  corner  of  the  engine  room  where  it  has  been  praoticitlly 
imposaihie  for  the  engineer  to  j^t  al  it,  the  result  being  that  the  engines 
have  been  allowed  to  knock  themselves  to  pieces  throuish  want  of  attention 
to  the  lubricatiou  and  bearings,  and  the  dynamos  have  pone  wrong  through 
the  brushes  not  having  proper  care  and  attention  bestowed  upon  their 
adjustment.  However,  this  state  of  things  is  gradually  improving,  and 
in  ships  where  the  electric  light  is  to  bo  adopteil  proper  proyision  is  now 
made  for  the  generating  plant. 

Drawing  No.  25,  Plate  XXXVI.,  illustratefl  a  vertical  double-acting 
high  speed  engine  coupled  direct  to  the  spindle  of  the  dynamo,  the  power 
being  transmitted  direct  from  the  crank  shaft  to  the  dynamo  without  any 
intermediate  belting  or  gearing.  The  engine  and  dynamo  are  secured  to 
a  cast  iron  bed-plate,  the  whole  being  extremely  rigid,  and  occupying  very 
little  Bpaue.  This  design  of  plant  is  about  as  compact  as  it  is  pofiaibie  to 
make  anything,  except  that  it  is  run  at  an  abnormally  high  speed. 

The  engme  is  of  the  double-acting  type,  fitted  with  a  Pickering  high 
speed  governor  and  equilibrimn  throttle  valve,  and  runs  at  a  speed  of 
about  .150  revolutions  per  minute  in  the  small  atzes  for  running  fi"'  IB 
caudie-power  lamps,  and  in  the  larger  sizes,  i.«,,  plants  capable  of  running 
from  lot)  to  2511  lamps,  at  a  speed  of  300  to  200  revolutions  per  minute 
respectively.  At  these  speeds,  the  stroke  of  the  engine  being  of  course 
short,  the  wear  and  tear  Is  very  small  indeed,  because  the  crank  shafl  of 
the  engine  wurku  in  a  biitli  of  oil,  the  spUtah  frniii  the  onink  wi-bs  liibricii- 
ting  the  crank  shaft  bearings,  connecting  rod  ends,  and  guide  bars. 
Lubricating  boxes  are  also  fitted  for  the  lubrication  of  the  piston  rod, 
valve  spindle,  and  eccentric  strap. 

Of  course  in  mnuing  a  dynamo  at  the  very  glow  speed  necessary  when 
coupled  direct  to  an  engine,  the  machine  has  to  be  considerably  larger, 
and  necessarily  more  expensive  than  it  would  be  if  driveu  at  its  normal 
speed  of,  say  for  a  dynamo  capable  of  running  100  16  candle-power 
incandescent  lamps,  700  to  800  revolutions  per  minute,  because  the  output 
of  a  dynamo  is  practically  in  proportion  to  its  speed.  To  overcome  this 
objection  other  types  of  engines  and  dynamos  have  been  designed. 

Drawing  No.  26,  Plate  XXXVI.,  shows  a  combination  of  an  engine 
and  dynamo,  in  which  an  engine  of  the  same  type  as  already  described  is 
mounted  at  one  end  of  a  cast  or  wrought  iron  bed-plate,  as  preferred, 
the  dynamo  being  placed  at  the  other  end,  with  very  short  centres.  In 
order  to  ensure  satisfactory  rnnning  at  the  short  centres  a  jockey  pulley  is 
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j|>]aoed  between  the  engine  and  dynamo,  so  that  the  belt  running  under  the 
jockey  pulley  grips  a  considerable  part  of  the  circumference  of  the  pulley,  thus 
Tisuring  a  good  grip.  This  description  of  plant  has  been  used  on  a  number 
f  ships  with  satisfactory  results ;  and  of  course  the  first  cost  of  a  plant  of 
his  description  is  less  than  it  would  be  for  a  combined  plant  as  above. 

One  objection  to  this  plant  is  that  the  belt  has  to  be  very  tight,  and  it 
therefore  liable  to  cause  heating  of  the  bearings.  To  avoid  this  an 
gement,  partly  friction  and  partly  belt  driven,  similar  to  drawing 
o.  27,  Plate  XXXYIL,  was,  the  writer  believes,  first  introduced  by 
Mefisrs.  Alley  &  Maclellan,  of  Glasgow. 

On  reference  to  the  illustration  it  will  be  seen  that  the  friction  pulley 
:dB  placed  between  the  engine  fly-wheel  and  the  dynamo  pulley,  the 
^Friction  wheel  being  carried  by  a  screw  gear  so  that  it  can  be  wedged 
in  between  the  fly-wheel  and  the  dynamo  pulley.  An  endless  driving 
belt  passes  over  the  friction  wheel  and  drives  from  the  fly-wheel  direct 
on  to  the  dynamo  pulley.  It  is  therefore  apparent  Hhat  whatever 
thrust  may  be  put  on  the  bearings,  by  means  of  the  friction  wheel,  is 
taken  up  by  the  tension  on  the  driving  belt,  so  that  the  bearings 
run  almost  in  equilibrium. 

A  fourth  type  of  plant,  but  one  entirely  driven  by  friction,  is  illus- 
trated by  drawing  No.  28,  Plate  XXXVII.  The  vertical  engine  in  this 
case  is  placed  at  the  end  of  the  bed-plate,  the  fly-wheel  being  carried  on 
an  extension  to  the  crank  shaft.  The  dynamo  is  hung  in  a  cradle  and 
arranged  to  swing  in  such  a  manner  that  the  dynamo  pulleys  rest  on  the 
fly-wheel,  the  friction  between  the  fly-wheel  and  the  pulley  being  regulated 
by  means  of  a  spring. 

It  is  usual  to  make  these  small  friction  wheels  of  compressed  paper, 
which  is  fastened  between  two  iron  discs,  the  discs  being  bolted  or 
screwed  tight  together  and  the  paper  turned  up  afterwards.  Discs  of 
leather  have  also  been  tried  successfully. 

The  whole  of  the  plants  described  are  fitted  with  single  cylinder 
engines,  but,  of  course,  for  large  installations  consisting  of  several 
hundreds  of  incandescent  lamps,  and  where  it  is  necessary  to  work  on 
the  most  economical  basis,  compound  engines  are  frequently  used. 

The  single  cylinder  type  of  engine  as  shown  can  be  readily  com- 
pounded by  putting  another  engine  at  the  side  with  a  low  pressure 
cylinder  suitably  proportioned.  The  open  type  of  engine,  Le,,  with 
cast  iron  or  wrought  iron  back  standards  canying  the  guide  bars  and 
wrought  iron  or  steel  front  columns  has  also  been  considerably  used  for 
lighting  both  in  the  merchant  service  and  by  the  Admiralty. 

Messrs.  Willans  &  Robinson,  of  fiondon,  Messrs.  Alley  <fe  Maclellan,  of 
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Glii^ow,  and  Mr,  Bomstead,  of  HeclneBford.  have  introduced  engines  of 
the  closed  aiuple-itcting  type,  known  us  the  WiUau8,  WcstinghouBe,  and 
Cliandler  onginea  rosixictively.  Theae  engines  are  either  made  simple, 
compound,  or  triple  expansion,  according  to  tie  pressure  at  which  they 
are  designed  to  work,  the  chief  feature  about  them  being  that  steam  la 
admitted  on  to  the  top  aide  of  the  piston  only,  keeping  all  bearings  in 
constant  thmat. 

The  advantage  of  this  class  of  engine  lies  chiefly  in  the  fact  that  they 
are  able  to  mn  at  much  higher  speeds  than  a  donble-acting  engine, 
because  of  their  freedom  from  knocking  enabling  higher  speed  dynamos 
to  be  used,  These  engines  are  also  entirely  boxed  in,  the  crank  shaft  and 
working  parts  running  in  oil.  They  are  therefore  capable  of  very  long 
and  uontiimouB  runs  without  reqniring  any  attention  when  once  the  oil 
chamber  has  been  filled  up. 

There  is  a  prejudice,  however,  against  this  type  of  engine  by  many 
sea-going  and  other  engineers,  because  they  are  not  able  to  see  what  is 
going  on  inside  the  engine.  This  may  or  may  not  be  a  good  objection, 
bat  there  is  no  doubt  that  when  a  large  amount  of  [wwer  is  required  in  a 
small  space,  and  where  it  is  not  possible  to  give  any  gi%at  attention  to  the 
engine,  a  single-acting  engine  of  any  of  the  three  types  mentioned  above 
has  given  extremely  satisfactory  and  economical  results  in  working. 

In  steamaliips,  where  there  is  ample  space  for  the  machinery,  vertical 
or  horizoiitiil  engines,  ns  found  most  I'onvcnient,  !»iT!ing«l  to  drive  with 
beltfl  or  ropes  of  reasonable  centres,  have  been  frequently  used,  and  there 
is  no  doubt  that,  where  there  is  sufficient  room  for  the  electric  light 
engines  and  dynamos  to  be  driven  in  this  way,  it  forms  a  most  convenient 
and  reliable  arrangement,  because  the  engines  are  run  at  a  moderate  speed, 
reducing  the  amount  of  wear  and  tear  to  a  minimum,  and  the  dynamos 
are  also  run  at  speeds  at  which  the  greatest  output  can  he  got  from  them 
with  the  most  economical  results.  Care  must,  however,  be  taken  that  the 
belts  or  ropes  do  not  get  saturated  with  either  water  or  oil. 

Having  now  given  a  general  esplanation  of  the  construction  of  dynamos 
aud  of  the  various  units  in  practical  use,  together  with  an  explanation  of 
the  various  systems  of  electric  lighting,  a  brief  description  is  given  of  a 
central  station  on  the  low  tension  three- wire  system  erected  by  the  St.  James 
and  Pall  Mall  Electric  Light  Oo.  in  London.  (See  Appendix  A,  page  297.) 
A  description  is  also  given  of  the  Deptford  station  (see  Appendix  B,  page 
802)  now  in  course  of  construction  by  the  London  Electric  Supply  Cor- 
poration, from  which  it  will  be  seen  thai  the  experimental  stage  of  electric 
lighting  has  long  since  been  passed,  and  that  electric  engineeiing  is  taking 
a  place  beside  some  of  the  chief  and  heaviest  branches  of  engineering. 
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APPENDIX    A. 


ELECTRIC   LIGHTING   IN   LONDON. 


The  St.  James  and  Pall  Mall  Electric  Light  Co.,  Ltd. 

This  company  was  formed  for  the  purpose  of  supplying  the  electric 
light  to  the  whole  of  the  parish  of  St.  James,  Westminster.  The  first 
central  station  is  situated  in  Mason's  Yard,  Duke  Street,  and  consists  of 
a  building  of  three  storeys  constructed  of  white  brick  and  fireproof 
throughout,  standing  in  the  centre  of  the  yard  and  completely  isolated 
from  the  surrounding  buildings.  The  low  tension  direct-current  system 
is  used  and  the  mains  are  laid  on  the  three-wire  system.  Three  mains 
start  from  the  engine  house,  each  of  which  soon  bifurcates,  and  the 
six  leads  thus  formed  feed  a  continuous  ring-main  from  which  the  out- 
lying district  is  supplied.  The  points  of  junction  (or  feeder  points)  of 
the  six  leads  with  the  ring-main  are  connected  back  to  the  engine  house 
by  pilot  wires. 

In  cases  where  only  a  small  number  of  lights  is  required  a  main  is  run 
along  one  side  of  a  street  only  and  connections  taken  off  for  the  buildings 
on  both  sides,  but  where  the  demand  is  greater  a  main  is  run  along  each 
side  of  a  street — examples  of  this  may  be  noted  in  Pall  Mall,  St.  James's 
Street,  etc. — ^while  buildings  which  lie  within  the  ring-main  are  con- 
nected direct  to  one  of  the  six  leads.  The  mains  are  of  ample  size,  and 
the  maximum  variation  of  potential  is  2  volts  either  way.  A  loss  of 
potential  of  1  volt  is  allowed  for  in  wiring  the  buildings,  and  by  keeping 
lamps  of  three  or  four  different  voltages  all  parts  of  the  district  can  be 
eflficiently  supplied. 

The  charge  made  by  the  company  is  7d.  per  Board  of  Trade  unit. 

The  whole  plant  is  calculated  to  supply  20,000  lamps  of  16  candle- 
power.  Of  this  number  it  is  safe  to  reckon  that  not  more  than  76  per 
cent,  will  be  in  use  at  a  given  time ;  it  is  therefore  possible  to  wire 
20,000  lamps  and  still  work  well  under  the  total  capacity  of  the  plant. 

Building, — The  building  measures  88  feet  long  by  21  feet  broad,  and 
three  storeys  in  height.  The  engines,  boilers,  and  dynamos  are  in  the 
basement,  which  has  been  greatly  enlarged  by  excavation  under  the  yard. 
It  is  divided  into  two  parts.  The  walls  of  the  building  are  supported  on 
girders  carried  by  pillars  and  also  upon  buttresses,   and   an   idea   of 
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*irhe  basement  is  cooled  by  means  of  a  Blackman  air  propeller,  6  feet 
diameter,  driven  by  a  high  speed  engine  of  6  horse-power,  the  outer  air 
Tbeing  drawn  into  the  engine  house  and  caused  to  pass  into  the  boiler 
louse,  and  finding  an  exit  by  the  bunker  holes  and  windows. 

Boiler  Home, — The  boiler  house  is  situated  at  the  other  end  of  the 
basement,  and  contains  five  boilers  of  the  locomotive  type,  with  space  for 
a  sixth.  These  boilers  are  among  the  largest  of  the  type  made.  The 
dimensions  are  as  follows : — External  fire  box,  6  feet  10^  inches  long  by 
6  feet  \\  inches  wide  by  8  feet  2^  inches  high ;  internal  fire  box,  6  feet 
l\  inches  long  by  5  feet  4^  inches  wide  by  5  feet  10  inches  high ;  mean 
diameter  of  barrel,  6  feet ;  length  of  barrel,  including  smoke  box,  13  feet 
6^  inches;  total  length  of  boiler,  20  feet  5  inches;  tubes,  257,  2\  inches 
diameter  by  10  feet  11  inches  long;  shell  plates,  f  inch  thick;  internal 
fire  box,  ^  inch  plates  for  sides  and  crown,  and  f  inch  plate  for  tube 
plate ;  heating  surface  in  tubes,  1,693*4:  square  feet ;  heating  surface  in 
fire  box,  146*8  square  feet;  grate  area,  32*5  square  feet.  Riveting — 
longitudinal  seams,  treble  riveted  with  double  butt  straps ;  circumfei-ential 
seams,  double  riveted  lap  joint.  Working  pressure,  160  lbs.  per  square 
inch.    They  are  built  of  the  best  mild  steel. 

The  gases  are  delivered  downwards  into  the  cross  flue  below  the  floor 
level,  which  entera  the  base  of  the  chimney  near  the  feed-heaters.  At  one 
end  of  the  house  an  artesian  well  has  been  sunk,  which  is  lined  with  cast 
iron  tubbing  6  feet  diameter  for  15  feet  down,  and  then  narrows  to  a 
wrought  iron  pipe  of  11^  inches  internal  diameter.  The  well  is  already 
sunk  to  a  depth  of  253  feet,  and  has  reached  the  chalk.  It  will  be  worked 
by  a  deep-well  pump,  and  the  water  raised  into  tanks  which  are  built  into 
the  walls  of  the  building  on  the  third  floor,  and  have  a  total  capacity  of 
4,000  gallons,  and  from  these  tanks  it  will  be  drawn  through  the  feed- 
water  heaters,  and  fed  into  the  boilers  by  two  Worthington  pumps  with 
4  inch  rams,  and  one  with  3^  inch  rams.  All  the  boilers  are  also  provided 
with  injectors. 

Steam  and  Exhav^st  Pipes. — The  steam  pipes  are  of  wrought  iron, 
9  inches  internal  diameter  and  |  inch  thick.  They  are  all  overhead,  and 
are  so  duplicated  as  to  prevent  the  possibility  of  a  serious  breakdown  as 
the  result  of  any  single  accident  to  the  system  of  pipes. 

There  is  a  continuous  9  inch  main  supplying  all  the  engines  in  pairs, 
and  receiving  steam  from  the  boilers  separately.  Each  boiler  is  designed  to 
drive  two  engines.  The  various  branch  connections  are  made  by  such 
bends  as  to  provide  amply  against  the  effects  of  expansion,  and  by  means 
of  eleven  stop  valves  separating  the  different  boilers  and  groups  of  engines, 
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The  bofler  house  ami  trwo  ensOT^  hoasrSw  now  'm  coarse  of  construe- 
tdon,  occupy  a  space  21».»  feec  Ion:r  bj  I'X*  ftec  wide  arul  have  a  height 
frcHn  basemeni:  to  roof  of  about  10*  ►  feet.  The  engine  hooses  them- 
selves are  each  1^5  feec  in  Length  bj  »>♦>  feet  in  l»eadth  and  85  feet 
high^  and  are  separateii  frooi  the  boiler  hocse  bj  a  massive  wall  of 
masonry,  a  row  of  iron  pillars  separating  the  two  en^rine  houses,  sap- 
pcHting  the  roof  and  the  overhead  travelling  cranes  which  are  reijoired 
for  lifting  the  heavy  pitces  of  miMrhinery  aboat.  The  boiler  house, 
which  is  entirely  distinct  from  the  engine  house,  ^  arranged  in  two 
floofs,  OTie  above  the  ocher^  the  upper  floors  being  supported  on  iron 
lollais^  30  feet  high,  with  a  coal  store  above  capaUe  of  storing  4,000 
tons  of  coal. 

The  coal  will  be  anloadel  straight  from  the  wharf  and  hoisted  to 
the  top  floor  of  the  boQer  house,  from  which  it  can  be  distributed  by 
means  of  vertical  ^oots  passing  through  the  centre  floors  of  the  upper 
bofler  house  to  the  lower  one.  The  two  bofler  houses  are  constructed 
to  contain  boflers  of  a  total  of  65,<»>  horse-power,  but  at  the  present 
time  twenty-four  boilers^  equal  to  a  total  of  20,<XK)  horse-power,  of 
the  Babcox  and  Wflcox  type,  are  being  installed.  Economisers  are 
placed  at  the  base  of  the  shaft  so  that  the  waste  steam  can  be  utflised 
for  heating  the  feed-water. 

There  are  two  engines,  each  of  1.500  indicated  horse-power,  each 
driving  a  Ferranti  dynamo  for  25,<»0  lights  of  8  caudle-power  by  40 
cotton  ropes.  These  dynamos  will  each  be  12  feet  6  inches  high  by 
15  feet  long  over-all.  In  addition  to  this  there  are  to  be  three  pairs  of 
compound  inverted  cylinder  engines  of  the  marine  tj-pe,  each  capable 
of  working  up  to  10,000  indicated  horse-power  when  running  at  a  speeil 
of  60  revolutions  per  minute.  The  dynamo  is  placed  in  between  the 
two  engines  forming  the  pair,  and  to  form  an  idea  of  the  size  of  these 
dynamos  it  is  sufficient  to  state  that  the  armatures  are  45  feet  in 
diameter,  and  the  total  weight  of  each  machine  about  500  tons. 

The  whole  of  the  dynamos  are  being  constructed  to  work  at  an 
E.M.F.  of  10,000  volts,  and  the  current  is  being  conveyal  through 
the  underground  railway  from  Deptford  to  the  city,  where  it  is  joined 
to  distributing  transfonners  reducing  the  pressure  from  10,000  volts  to 
2,4U0  volts.  From  this  distributing  transformer  overheiid  or  under- 
ground cables,  as  found  most  convenient,  are  run  in  a  net- work  over 
the  city,  and  the  current  is  again  transformed  from  an  E.M.F.  of 
2,400  volts  to  an  E.M.F.  of  100  volts  for  the  supply  to  houses,  shops, 
and  pubUc  buildings. 
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Mr.  Ferrantl  has  had  some  difficulty  in  the  conBtmction  of  bis  cables, 
and  a  brief  description  of  the  way  in  which  they  are  made  wOl 
probably  be  of  interest. 

The  cables  are  concentric,  ae  shown  in  iUustration,  that  is  to  say,  there 

inside  covered  with  insnlating  material  siuronnded 

by  an  outer  conductor.    For  the  constniction  of  this 

cable  special  machmeryhaa  been  erected  at  Deptford 

The  inner  copper  conductor  consists  of  a  copper 

tube  of  quarter  square  inch  area  and  is  cut  off  m 

lengths  of  20  feet    wrapped  with  brown  paper, 

which  IS  dned  on  a  long  hot  plate  and  then  passed 

through  a  cauldron  of  special  black  oil  or   wax 

which  soaka  into  the  paper,  the  copper  tube  being 

placed  Qpon  a  trestle  and  slowly  rotated,  and  the 

msulated  paper  wound  on  until  the  insulation  is  of  a  sufficient  thick 

ness      The  outside  copper  tube  is  then  slipped  over  this  tube  being 

of  tlie  same  settional  area  as  the  smaller  and  thicker  tube     The  whole 

IS   then   passed   through   a   draw   plate,  and   the   outer   tube   drawn 

tightly  o\er  the  insulation       The   outside  copper  conductor  is  then 

msulated  with  waxed  brown  paper  and  taped     finally    a  steel  tube  is 

placed  over  the  outside  for  protection  and  hot  wax  forced  m  through 

a  small  hole  by  a  fon,*  pump   driving  out  all  air  at  both  ends   and 

foiniing  1  compact  and  solid  mass     lh<«e  Itiiffths  of  mtiii'-  as  before 

stated    die   iO   feet  long    and  aic  joined   together    lu   the   foUouing 


The  '(>  foot  lLnj,ths  aic  put  into  a  hthc  and  onetnl  tuineU  to  a 
tipcr  6  inches  m  length  the  internal  coppci  tube  bciiif,  boa  1  out 
an  1  about  IS  mclics  of  turned  coppei  lod  is  pi  i  ml  nto  the  tube  fitting 
tinhtl)  Ihe  end  of  the  next  20  foot  lei gth  of  eonluctoi  is  boied  out 
to  a  conespotilii  „  tiper  the  inteiiiil  cot  due  tor  being  also  boad  to 
recene  the  coppei  lol  The  two  lengths  of  cnble  die  then  forcel 
tOpCthet  one  cone  bttuv  ti^htij  into  the  othei  Thtj  ire  then  heate"] 
nhich  melts  the  wix  iiid  mikcs  i  poifect  joint  A  sleeve  of  thin  <opper 
tube  IS  slippel  o  ei  the  kii^ths  of  t  ble  befoie  tliev  le  hiiillj  foiced 
to^cthei  and  is  then  bioLip,ht  bi  k  o\a  tlie  joint  nil  eoiiii^ate'd  Hith 
e  s[iecu!  machine  which  foiins  a  metallic  couneit  on  with  the  outoi 
eonluctoi  A  further  prot  ction  is  piovikl  I  \  -.1  ppin^  i  puci  ii  sitlit 
iiig  sleeve  ovei  the  top  of  the  tliin  copjx  tuK  ^I  I  two  sti-el  sockets 
simiUi   to  diminishing  sockets    ire  then   slippeil  over   the   oiit*,r  steel 
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casing,  which  is  filled  in  with  bitumen,  and  the  steel  sockets  are  finally 
corrugated  down  upon  the  steel  protecting  tube,  thus  fonning  a  com- 
pact and  solid  joint. 

Owing  to  the  high  tension  at  which  this  system  is  worked  there  is, 
of  course,  a  very  great  economy  in  the  cost  of  the  copper  conductors ; 
for  instance,  the  conductors  are  about  2^  inches  in  diameter  outside,  the 
current  density  is  380  amperes  per  square  inch,  and  one  of  these  cables 
is  capable  of  supplying  100,000  10  candle-power  lamps  with  a  loss  of 
less  than  8  per  cent.  These  cables  are  tested  whilst  being  laid  by 
passing  a  current  at  an  E.M.F.  of  20,000  volts  through  them,  and  the 
writer  believes  are  giving  satisfaction.  Of  course  it  must  be  borne  in 
mind  that  such  an  E.M.F.  as  10,000  volts  has  never  been  previously 
attempted,  and  a  distribution  scheme  at  this  high  tension  is  necessarily 
an  experiment  until  the  little  difficulties  which  may  arise  are  overcome, 
but  there  appears  to  be  no  reason  why  they  should  not  be  satisfactorily 
coped  with  in  time. 

The  Newcastle  Central  Stations. 

In  Newcastle  two  central  stations  have  been  started,  one  by  the 
Newcastle  and  District  Electric  Lighting  Co.,  Ld.,  and  the  other  by 
the  Newcastle  Electric  Supply  Co.,  Ld.  The  former  are  lighting  the 
left-hand  side  of  Grainger  Street,  Nelson  Street,  part  of  Blackett  Street 
and  Percy  Street,  with  the  whole  of  the  district  on  that  side  from 
Barras  Bridge ;  the  latter  are  lighting  the  right-hand  side  of  Grainger 
Street,  Northumberland  Street,  Jesmond  Road,  and  Jesmond,  also  Grey 
Street,  and  Dean  Street.  The  former  company  has  at  present  installed  three 
Lancashire  boilers,  .28  feet  long  by  7  feet  diameter,  supplying  steam  to  four 
Parsons's  turbo-generators,  each  giving  an  output  of  75,000  watts  at 
an  E.M.F.  of  1,000  volts.  The  current  is  taken  underground  in  cast 
iron  pipes  with  junction  boxes  at  intervals,  and  is  tapped  off  where 
required  into  the  consumers'  houses.  Two  cables  are  used,  run  side 
by  side  in  the  pipes,  highly  insulated  with  india-rubber. 

The  latter  company  have  installed  three  Lancashire  boilei-s,  28 
feet  long  by  7  feet  diameter,  two  by  Messrs.  Robey  &  Co.,  of  Lincoln, 
and  one  by  Messrs.  Hicks,  Hurirreaves,  &  Co.,  of  Bolton.  These  boilers 
supply  steam  to  three  Robey  compound  engines,  fitted  with  their  patent 
trip  cut-off  gear,  each  engine  \mng  capable  of  working  up  to  250 
indicated  horse-power,  and  driving  three  alternating  cuireiit  dvnanios 
by  the  Brush  Company,  etich  machine  giving  an  output  of  100,000  watts 
at  an  E.M.F.  of  2,000  volts.     In  addition  to  the  steam  engines  which 
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are  used  for  the  night  service,  a  compound  vertical  engine  to  give  70 
horse-power  has  recently  been  fixed  for  driving  a  85,000  watt  alternator 
for  the  day  service.  The  cables  in  this  installation  are  concentric  and 
are  run  in  cast  iron  pipes  underground,  with  junction  boxes,  which  are 
built  of  brick  with  cast  iron  covers.  The  current  is  then  taken  into  the 
consumers'  houses,  and  transformed  in  the  ordinary  manner. 


DISCUSSION. 

The  Vice-President  said  the  paper  to  which  they  had  just  listened 
was,  in  the  history  of  the  Institution,  a  new  departure,  introducing  as  it 
did,  a  subject  which  one  might  say,  was  still  in  its  infancy.  He  did  not 
know  where  he  had  seen  it,  but  it  occurred  to  him  he  had  heard  it  said 
''that  electrical  engineers  ought  to  be  three-fourths  mechanical  en- 
gineers," and  presumably,  mechanical  engineers  would  be  all  the  better 
of  being  one-fourth  electrical  engineers.  From  this  point  of  view  the 
paper  would  be  very  valuable  indeed.  A  great  deal  of  the  paper  being 
explanatory  and  descriptive  it  did  not  readily  lend  itself  to  discussion, 
but  he  presumed  the  subject  could  not  be  absolutely  clear  to  everyone  of 
them,  and  Mr.  Mountain  would  be  very  glad  to  answer  any  questions 
and  to  deal  with  any  discussion  on  the  subject. 

Mr.  Jas.  Thomson,  Jun.,  wished  that  the  discussion  had  been  opened 
by  an  electricid  engineer,  seeing  that  the  paper  contained  a  great  deal 
that  he  did  not  feel  himself  competent  to  speak  about.  He  had  been 
very  much  interested  in  hearing  it,  however,  and  saw  a  great  deal  in  it 
to  read  over  again.  He  would  only  speak  about  one  matter  which  he 
did  know  something  about,  that  was  the  question  of  wiring  ships  with  a 
single  or  a  double  wire.  The  author  of  the  paper  described  the  two 
methods,  but  did  not  show  a  decided  preference  for  either  the  one  or  the 
other.  To  his  (Mr.  Thomson's)  mind,  there  were  two  very  strong 
reasons  for  preferring  the  double  wire  installation ;  one  of  these  was 
indicated  in  the  paper,  viz. : — the  liability  to  bad  contacts  and  fire  on 
board  ship.  The  other  was  the  danger  of  producing  an  error  in  the 
coin])ass.  In  the  installation  with  a  single  wire,  one  wire  was  led  from 
the  dynamo  and  branches  taken  fi'om  it  to  the  different  lamps ;  a  return 
wire  from  each  lamp  was  connected  to  some  portion  of  the  hull  of  the 
ship,  and  the  negative  pole  of  the  dynamo  also  connected  with  the  hull 
of  the  ship,  the  return  current  thus  went  through  the  shell  plating  of  the 
ship.  Now,  so  far  as  he  knew,  those  connections  were  generally  made  by 
getting  the  wire  screwed  in  under  the  nut  of  a  deck  bolt,  or  some  nut 
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screwed  against  a  beam.  Well,  beams  were  always  painted  or  red 
leaded  before  the  wires  were  laid,  and  there  was  a  great  liability  of  the 
contact  being  bad ;  if  not  bad  to  begin  with,  it  would  become  bad 
afterwards.  There  was  then  danger  of  sparks  passing,  and  setting  the 
wood  work  on  fire.  Then,  in  addition  to  that  danger,  which  was 
referred  to  in  the  paper,  there  was  the  liability  in  the  single  wire 
system  of  the  current  affecting  the  compass.  This  subject  was  very 
important.  It  was  well  known  that  if  a  wire  conveying  an  elec- 
tric current  ran  parallel  to  a  magnetic  noedle,  the  current  passing 
tended  to  make  the  needle  set  itself  perpendicular  to  the  current. 
Supposing  a  main  wire  for  lighting  a  ship  ran  fore  and  aft,  and  sup- 
posing the  ship  was  sailing  northward  along  the  magnetic  north,  the 
current,  being  then  parallel  to  the  needle,  the  tendency  would  be  to 
turn  the  needle  at  right  angles,  that  is,  athwart  the  ship.  When  a  single 
wire  conveyed  a  current  in  the  neighbourhood  of  the  needle,  it  would 
tend  to  deflect  it ;  but  if  the  ship  was  wired  with  double  wires  laid  along- 
side of  one  another,  the  two  currents  to  and  from  the  lamps  would 
neutralise  each  other,  and  the  effect  upon  the  compass  would  be[m7.  If 
the  ship  was  lighted  with  an  alternating  cuiTent  there  could  be  no  effect 
on  the  compass;  but  with  a  continuous  current  and  the  single  wire 
system  the  needle  might  be  affected  to  a  considerable  extent.  He  had 
got  from  his  friend,  Mr.  Bottomley,  a  formula  by  which  the  amount  of 

'20 

the  deflection  could  be  calculated  : — E  =  r= =-  x  67*8.    E  being  the 

H  X  D  ^ 

error  in  degrees,  0  the  current  in  amperes,  H  the  earth's  horizontal 

force  at  the  place,  and  D  the  distance  in  centimetres  from  the  wire 

to  the  needle.    Of  course,  he  should  say  that  the  effect  on  the  compass 

depended  entirely  upon  the  course  the  ship  was  steering,  because  the 

current  tended  to  set  the  needle  perpendicular  to  the  wire  carrying  the 

current.     If  the  ship  was  on  such  a  course  that  the  needle  was  already  at 

right  angles  to  the  wire,  the  effect  was  nothing.    The  formula  gave  the 

greatest  effect  possible.     Mr.  Bottomley,  who  gave  him  the  formula,  had 

had  opportunities  of  observing  their  effect  in  several  ships,  and  in  a 

paper  read  by  him  before  the  Society  of  Arts,  on  "Magnetism  of  Ships," 

he  said: — "Take  as  an  example,  a  main  laid  from  the  dynamo  machine 

to  light  up  a  saloon  with  one  hundred  lamps  or  more.     It  may  run  along 

nearly  underneath  the  position  of  the  standard  compass.     The  current 

may  be  taken  at  100  amperes.     In  such  a  condition  of  affairs  the  error 

produced  on  the  compass  will  amount  to  as  much  as  7^  degrees  when  the 

wire  is  at  a  distance  of  30  feet.    Now,  this  error  will  only  be  produced  at 
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the  time  ntten  tbe  cmreDt  is  flowing  to  light  up  the  lampB,  and  it  may 
never  be  detected  by  the  officerB  of  the  ship,"  He  did  not  know  how 
close  a  captain  was  ordinarily  able  to  ateev  his  ship,  but  he  thought  an 
error  of  73[  degrees  very  Berious,  He  had  heard  of  a  caae  of  9  degi'eea 
error  iu  the  corapaas  Trom  this  canse.  The  captain,  of  course,  freqaently 
checked  hi§  compasa  at  sea  by  taking  observations,  but  he  usually  did  so 
througn  the  day  when  the  lights  were  off.  The  ship  might  then  be 
steered  for  several  hours  at  night  7  or  8  degrees  off  her  trae  cocrse. 
Tliat  waB  a  serious  matter,  which,  he  thought,  ought  to  be  attended  to. 
It  would  be  entirely  got  over  by  using  the  double  wire,  and  the  extra 
cost  was  as  nothing  in  comparison  with  the  advantage  to  be  derived. 
He  (Mr.  Thomson)  saw  nothing  in  favour  of  the  single  wire  but  its 
cheupncBB,  This  matter  only  came  iu  incidentally  in  the  paper,  which 
altogether  was  an  important  contribution  on  the  general  subject  of  electric 
lighting.  They  were  much  indebte<l  to  Mr.  Moutitain  for  bringing  it 
forward.  Before  sitting  down  he  might  just  mention  that  one  firm  of 
shipbuilders  on  the  Clyde,  who  did  their  own  electric  lighting,  preferred 
lighting  with  single  wires  mainly  on  account  of  economy;  but  in 
designing  tiie  arrangements  they  always  worked  out  by  the  formula 
given,  tbe  efft-ct  on  the  compass,  and  if  they  found  the  error  wotdd  be 
appreciable,  laid  double  wires,  and  by  this  means  prevented  any  error  to 
the  compass  arising  from  the  electric  light  installation. 

Mr.  J.  H.  Holmes  ssud  the  paper  they  had  just  listened  to  did  not 
lend  itself  very  well  to  discussion  (as  their  Vice-President  remarked),  as 
there  was  little  in  it  open  to  controversy  or  likely  to  bring  out  a  difterence 
of  opinion.  The  paper  seemed  to  him  to  be  a  clear  statement  of  some  of  the 
first  principles  of  electrical  engineering,  more  especially  with  reference  to 
electric  lighting,  and  ought  to  be  regarded  by  yonng  members  of  that 
Tnstitntion  as  a  reliable  guide  to  their  studies.  lie  thought  they  had 
before  them  a  very  good  and  interesting  paper,  it  covered  a  great  deal  of 
ground  and  must  have  given  the  author  a  considerable  amount  of  trouble. 
Passing  to  the  point  in  the  paper  which  Mr.  Thomson  had  mentioned 
as  the  only  one  which  he  thought  was  open  for  discussion,  the  question  of 
single  and  double  wirri^  in  steamships,  he  might  say  that  since  his  firm 
liglited  the  S.S, "  Nonpareil."  which  he  thought  was  the  first  Tyne-built 
vessel  lighted  with  electricity,  they  had  fitted  160  vessels  with  their  appa- 
ratus, including  such  important  ships  as  the  "  City  of  Paris "  and  the  "  City 
of  Xew  York,"  and  scarcely  a  dozen  of  that  number  were  fitted  with  the 
double  wire  system.     The  consensus  of  opinion  was  that  the  single  wire 
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system  had  a  great  advantage  on  account  of  its  simplicity  and  freedom 
from  short  circuit  and  leakage.  The  eTpsrience  of  those  firms  longest  in 
the  basiness,  and  of  those  that  had  carried  out  the  largest  number  of 
installations,  such  as  Messrs.  Siemens  Bros.  &  Co.,  and  The  Brush  Co., 
was  to  the  same  effect  in  regard  to  single  wiring.  The  P.  and  0.  Co., 
the  British  India  Steamship  Co.,  the  Union  Steamship  Co.,  and  others, 
declared  that  it  gave  the  greatest  satisfaction,  and  Mr.  Liste,  of  Messrs. 
Donald  Currie  &  Co.,  told  him  the  other  day  that  their  nine  steamers 
were  lighted  on  the  single  wire  system,  and  that  they  would  not  on  any 
account  change  to  the  double  wire  system.  Mr.  Thomson  had  drawn 
attention  to  one  or  two  points  which  he  would  wish  now  to  take  up. 
He  was  afraid  Mr.  Thomson  spoke  more  from  hearsay  than  from  actual 
experience,  when  he  talked  of  the  connection  to  the  deck  frame  of  the 
ship.  It  was  not  usual  to  put  the  wire  under  the  nearest  bolt.  The  way 
with  single  wire  firms  was  to  drill  and  tap  a  hole  specially,  and  attach 
the  wire  and  make  an  electrical  connection  by  means  of  a  brass  screw 
and  a  brass  washer,  and  if  that  was  screwed  up  tight  there  was  not  the 
slightest  chance  of  it  going  wrong  any  more  than  the  other  electrical 
connections.  There  were  hundreds  of  connections  of  the  same  kind  in 
an  installation,  such  as  those  in  switches  and  fuses.  He  did  not  see  why 
one  in  the  body  of  the  ship  should  be  more  liable  to  go  wrong  than  any 
other  connection.  With  regard  to  the  effect  upon  the  compass,  that  was 
an  extremely  important  matter,  but  he  would  point  out  that  in  the 
formula  given  by  Mr.  Thomson  no  account  was  taken  of  the  screening 
action  of  the  iron  decks.  If  a  wire  was  run  under  an  iron  deck  the  iron 
practically  screened  the  compass  from  the  deflection  that  would  otherwise 
be  caused  by  the  current  running  in  the  wire.  He  thought  Mr. 
Thomson  mentioned  that  he  had  heard  of  an  error  of  9  degrees,  due, 
as  he  put  it,  to  the  use  of  the  single  wire  system ;  but  he  (Mr.  Holmes) 
believed  that  error  was  not  due  to  that  at  all,  if  the  case  was  the  same  as 
he  had  in  mind.  It  was  on  an  Admiralty  vessel,  fitted  on  the  double 
wire  system,  and  the  en'or  was  due  not  to  the  current  on  the  cables,  but 
leakage  from  the  dynamo  magnet ;  that  was  the  source  of  error  in  the 
compass. 

Mr.  Thomson — There  is  more  than  one  such  case. 

Mr.  Holmes — He  was  not  alone,  as  he  had  mentioned,  in  ad- 
vocating the  single  wire  system,  and  he  would  like  just  to  read  what  was 
stated  by  Mr.  Siemens,  for  instance,  he  said :  "  that  his  firm  had  hghted 
a  large  number  of  vessels  and  with  one  exception  there  had  never  been 
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any  effect  produced  on  the  compass,  and  that  was  one  in  which  the 
compass  was  put  up  after  the  electric  light,  and  it  was,  by  mistake,  put 
too  near  to  the  wire.  They  offered  to  remedy  this  at  once,  as  it  only 
required  a  return  wire  alongside  the  leading  wire,  but  the  captain  said 
he  was  quite  satisfied,  as  on  swinging  the  ship  he  had  made  careful 
observations  with  the  light  on  and  off,  and  he  knew  what  the  compass 
would  do,  and  did  not  want  his  cabins  pulled  about.  He  added  that  the 
iron  of  the  ship  had  always  been  found  an  effective  screen,  if  between 
the  wire  and  the  compass."  Mr.  Hall,  of  the  P.  and  0.  Co.,  said  that 
*^  some  fears  had  arisen  in  the  minds  of  the  nautical  staff  that  the  com- 
pass would  be  affected  by  taking  the  current  through  the  ship ;  but  after 
careful  and  prolonged  observation  it  had  been  proved  that  such  fears  were 
groundless.  He  also  stated  that  his  company  had  only  one  of  their  fleet 
double  wired,  and  that  in  this  vessel  they  had  had  most  trouble  from 
corrosion  of  the  wires."  Prof.  Jamieson,  after  reading  a  paper  on  the 
"Electric  Lighting  of  Steamships"  before  the  Institution  of  Civil 
Engineers,  summed  up  the  whole  of  the  matter,  after  a  very  full  dis- 
cussion, by  saying  that  "the  single  wii-e  system  was  the  cheapest,  simplest, 
and  best  on  board  ship."  Commander  Creak,  R.N.,  said  that  "  in  the 
'  Polyphemus '  the  single  wire  was  adopted,  and  the  hull  used  as  the 
return,  and  experiments  in  her  proved  that  no  deflection  of  the  compass 
was  caused."  Sir  Wm.  Thomson  was,  no  doubt,  a  great  authority  on  such 
matters,  and  he  believed,  had  stated  that  double  wiring  was  the  best ;  but 
Sir  Wm.  Thomson,  though  of  a  practical  turn  of  mind  in  some  ways,  was 
not  always  so,  and  had  desic^ned  some  of  the  most  extraordinary  dynamos, 
dynamos  which  had  not  yet  been,  and  probably  never  would  be,  made, 
and  so  they  could  not  look  upon  him  as  practical  in  all  things.  He, 
however,  in  regard  to  compass  deflections,  urges  careful  testing  and  says, 
that  '*  the  test  should  be  made  when  the  vessel  is  in  dock  or  lying  steadily 
at  anchor.  A  sufficient  practical  test  may  be  made  by  first  observing  the 
effect  of  starting  and  stoppinjr  the  current  on  the  compass  as  it  stands  ; 
then  adjusting  a  small  magnet  placed  on,  or  supported  a  little  above,  the 
glass  of  the  bowl,  to  deflect  the  comi)ass  about  45  degs.  first  on  one  side  and 
then  on  the  other  side  of  its  undisturbed  position,  and  in  each  case 
observing  the  effect  of  starting  and  stopping  the  electric  current.  This 
(  I"  J^  ought  D'>t  to  be  as  much  as  2  degs.  in  either  of  the  three  cases."  He 
thought  they  ought  all  to  feel  indebted  to  Mr.  Mountain  for  bringing 
this  subject  forward,  and  it  was  (pite  evident  he  must  have  put  himself 
to  no  small  amount  of  trouble  not  only  in  the  pruduetion  of  the  paper 
but  likewise  in  the  illustrations. 
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Mr.  Harey  Geay  said  the  paper  would  prove  of  great  benefit,  espe- 
cially to  those  who  had  not  had  the  training  of  electrical  engineers.     It 
had  been  his  privilege  to  hear  a  good  deal  about  concentric  wiring,  and 
it  was  upon  that  point  he  would  like  to  offer  a  few  remarks.    Mr.  Mountain 
had  said  that  the  objection  to  this  class  of  cable  was  that  it  was  more 
diflBcult'to  joint  than  two  ordinary  cables.     He  would  like  to  show  Mr. 
J.  D.  F.  Andrews's  mode  of  jointing  for  this  kind  of  wiring.     (Plate 
XXXIX.)    In  making  the  joint  Mr.  Andrews  removed  the  outside 
armouring  for  a  few  inches;  that  took  the  return  current;  then  he  tapered 
down  the  insulation,  leaving  the  centre  conductor  exposed ;  round  this  the 
centre  conductor  of  the  branch  wire,  which  had  been  already  prepared  in 
a  similar  way,  was  secured,  and  it  was  then  covered  with  the  insulation 
— ^first,  a  layer  of  pure  rubber ;  then  a  mixture  of  rubber  and  soapstone, 
known  as  the  separator ;  and  then  a  layer  of  rubber  containing  a  large 
proportion  of  sulphur ;  over  this  is  wrapped  a  piece  of  prepared  cotton 
cloth.     To  make  good  the  outer  conductor  where  the  outside  armouring 
has  been  removed,  a  copper  sheath  is  wrapped  round,  thereby  ensuring 
the  continuity  of  the  return  conductor.     In  a  T-joint  the  one  sheath 
projects  slightly  through  the  other  one.    Then  a  cast  iron  mould  is 
placed  round  the  joint,  and  by  an  arrangement  of  '*  gates  "  in  the  mould 
the  joint  can  be  run  in  any  position,  molten  metal  being  poured  in,  the 
temperature  of  the  melting  point  of  which  being  such  as  to  vulcanise  the 
outer  insulation  of  rubber.     Two  joints  are  shown  in  section  on  the 
diagram  (Plate  XXXIX.),  a  T-joint  just  described  and  also  a  union  joint 
of  two  wires,  a  copper  sheath  being  soldered  over  the  two  ends  of  the 
centre  conductor.   The  construction  of  a  "  switch  "  and  also  of  a  "  fitting  " 
is  shown,  all  the  contacts  of  the  fitting  are  insulated  with  soapstone  com- 
position, contact  with  the  terminals  of  the  centre  conductor  being  made 
by  brass  springs  soldered  on  to  the  opposite  centre  conductor  in  the 
usual  way,  which  are  compressed  in  contact  against  the  end  of  the  ter- 
minals of  the  other  wire  when  the  fittings  are  screwed  together.    The 
centre  conductor  through   the  fittings  is  insulated  with   india-rubber. 
One  of  the  great  advantages  of  this  class  of  wiring  is  the  reduction  of 
the  fire  risks.    The  case  which  was  given  in  a  paper  read  by  Mr.  J.  D.  F. 
Andrews  before  the  Philosophical  Society  of  Glasgow,  in  1889,  viz.,  that 
of  an  Atlantic  liner  in  which  the  wood  casing  becoming  saturated  for 
about  8  feet  the  insulation  was  destroyed  in  consequence;  the  electric 
current  took  a  diagonal  course  across  wifch  the  grain  of  the  wood  from 
one  wire  to  the  other,  charring  it  for  about  18  inches ;  fortunately  it  was 
discovered  before  serious  damage  was  done.    With  concentric  wiring 
this  would  have  been  impossible,  the  only  leakage  possible  would  be  a 
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dead-short  circuit  from  the  centre  conductor  to  the  outer  or  return 
conductor,  which,  as  it  does  not  pass  any  infiammable  material,  would 
reduce  the  probability  of  any  fire  arising  from  it,  and  such  fault  would 
be  betrayed  by  the  fuse  and  the  other  ordinary  precautions.  A  few 
specimens  of  joints  and  fittings  were  on  the  table,  kindly  lent  by  Mr. 
J.  D.  F.  Andrews.  The  mechanism  of  the  switch  consisted  of  a  cam, 
which  is  acted  upon  by  a  pin  in  the  handle,  thereby  compre^ing  the 
spring  under  the  contact  disc,  which  is  thus  brought  in  contact  with  the 
terminals  of  the  centre  conductor;  upon  a  quarter  of  a  turn  of  the 
handle  a  sudden  break  of  the  contact  takes  place  by  the  action  of  the 
spring  under  the  contact  disc.  The  contact  disc  is  insulated  from  the 
cam,  etc.,  by  a  disc  of  soapstone  composition.  In  making  contact  a 
rubbing  action  takes  place  between  the  contact  disc  and  the  terminals  of 
the  centre  conductor,  removing  any  dust  or  moisture. 

Mr.  Eugene  Brown  said  Mr.  Mountain  had  given  the  comparative 
efficiencies  of  the  high  tension  alternating  current,  and  the  low  tension 
continuous  current,  and  had  shown  the  difference  to  be  80  per  cent.  He 
might  point  out  that  the  case  taken  for  the  continuous  current  was  one 
not  likely  to  occur  in  practice ;  no  electrical  engineer  would  design  an  in- 
stallation on  those  lines.  Each  ought  to  be  taken  on  its  own  merits. 
The  alternating  current  was  taken  with  full  load,  with  decreased  load 
the  efficiency  diminished  enormously,  though  he  did  not  think  that  any 
central  station  could  at  any  time  show  an  elficiencj  of  98  per  cent.  Some- 
times the  efficiency  of  transformers  was  as  low  as  50  per  cent.,  which  would 
bring  the  efficiency  of  98  per  cent,  to  even  below  the  efficiency  of  the  con- 
tinuous current  system;  also,  that  whereas  the  transformer  system  showed 
diminished  efficiency  with  less  than  full  load,  the  continuous  current 
system  w creased  in  efficiency  when  the  load  was  decreased.  Even  taking 
the  comparative  statement  of  the  St.  James's  Company  made  in  the 
Appendix,  whei'e  the  three-wire  system  was  used  with  continuous  current 
low  tension,  there  the  efficiency  was  brought  out  at  98  per  cent.,  and  he 
thought  that  bore  a  very  good  comparison  with  the  high  tension  alter- 
nating current ;  but,  of  course,  there  were  cases  when  the  high  tension 
alternating  current  had  decidedly  the  advantage,  and  not  at  all  to  be 
disparaged.  Mr.  Crompton  had  shown  in  one  of  the  districts  of  London 
that  a  great  deal  could  l)e  done  over  large  areas  with  the  continuous 
current,  btit  the  figures  in  the  paper  seemed  very  strongly  against  it. 

Mr.  J.  F.  WATiLiKER  said  that  he  had  not  come  to  the  meeting  with 
the  intention  of  speaking,  as  he  was  quite  a  student  in  the  matter  of 
electrical  engineering.    Tlowever,  as  the  discussion  that  night  had  rather 
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hinged  npon  wLat  had  been  a  puzzle  to  most  of  them,  viz.,  the  merits 
of  the  single  wire  system  as  compared  with  the  double  wire  system, 
perhaps  the  result  of  the  testing  of  one  of  the  former  on  a  recent  trial 
trip  might  be  interesting.  This  was  a  large  vessel  fitted  up  by  a  first- 
class  firm,  and  on  the  trial  of  the  installation  at  sea  there  was  found  a 
difference  in  the  standard  compass  between  dynamo  on  and  oflP  of  4 
degs.,  the  nearest  single  or  trunk  wire  in  this  case  being  11  feet  distant. 
At  the  steering  compass,  where  one  wire  ran  within  only  4  feet  and  with 
only  a  wooden  deck  between,  there  was  found  the  enormous  deflection  of 
19  degs.  This  wire  ran  from  port  to  starboard,  and  there  was  no 
variation  found  on  the  north  and  south  courses.  With  regard  to  the  case 
quoted  by  Mr.  Siemens,  the  man  at  the  wheel,  even  although  he  might 
be  fully  informed  about  the  difference  to  be  expected  when  the  dynamo 
was  on  and  when  the  dynamo  was  oflP,  might  not  always  be  aware  of  the 
fact  or  at  any  rate  know  the  number  of  lamps  in  use,  which  he  believed 
would  affect  the  strength  of  the  current.  He  might  add  this,  that  Lloyd's 
Registry  had  issued  some  suggestions  for  guidance  in  electric  light  in- 
stallations on  board  ship,  and  it  would  be  noted  that  only  those  vessels 
fitted  on  the  single  wire  system  were  required  to  be  tried  for  compass 
variations.  He  did  not  know  whether  that  was  anything  serious  to  be 
deduced  against  single  wiring,  still  he  thought  it  was  a  fact  worth  men- 
tioning that  there  was  a  danger  in  one  instance  which  was  absent  in 
another.  He  might  add  that  in  single-wired  ships  it  was  the  practice  to 
fit  double  wires  in  proximity  to  the  compass,  but  still  the  main  wires  had 
to  be  carried  forward,  and  in  some  cases  these  had  been  found  to  be  too 
close  to  the  binnacle  and  altered  after  trial.  He  thought  the  Institution 
ought  to  be  extremely  grateful  to  Mr.  Mountain  for  his  very  able  paper, 
and  the  geneml  interest  in  it  was  e\inced  by  the  large  attendance  there 
that  night. 

The  Vice-President  said  if  those  present  had  no  further  remarks  to 
make  he  would  adjourn  the  discussion  to  the  next  meeting.  He  was  quite 
certain  he  only  expressed  the  feelings  of  all  present  when  he  said  how  very 
much  indebted  they  were  to  Mr.  Mountain,  not  only  for  his  paper,  but  for 
the  prepai'ation  of  these  elaborate  diagrams  and  the  exhibition  of  the 
numerous  specimens  on  the  tables  and  also  out  in  the  hall.  Although 
there  had  been  a  good  deal  of  discussion  that  night,  he  thought  there 
would  very  likely  be  more  at  the  next  meeting,  which  would  be  resumed  at 
Sunderland,  on  Friday,  lOth  April,  when,  after  the  discussion  was  finished 
and  Mr.  Mountain  had  replied,  Mr.  Hok's  second  paper  would  be  taken. 
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PROCEEDINGS. 


NINTH  GENERAL  MEETING  OP  THE  SESSION.  HELD  IN  THE  LECTURE 
HALL  OP  THE  SUBSCRIPTION  LITERARY  SOCIETY,  SUNDERLAND, 
ON  PRIDAY  EVENING,  APRIL  10th,  1891. 


W.  THEODORE  DOXPORD,  Esq.,  Past- Pbesi dent,  in  thb  Chaib. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Newcastle,  on  March  23rd,  which  were  approved  by  the  member's 
present,  and  signed  by  the  Past-President. 

The  ballot  for  new  membera  having  been  taken,  the  Past-President 
appointed  Messrs.  J.  R.  Fothergill  and  H.  Macoll  to  examine  the  voting 
papers,  and  the  following  gentlemen  were  declared  elected  : — 

MEMBERS. 
Baguley,  Ernest  E!dwin,  Engine  Draughtsman,  Messrs.  R.   &   W.    Hawthorn, 

Leslie,  &  Co.,  Forth  Banks ;  3,  Saville  Place,  Newcastle-on-Tyne. 
Cameron,  David.  Engine  Draughtsman,  Messrs.  (}ourlay  Bros.  &,  Co.,  Dundee ; 

18,  Arbroath  Road,  Dundee. 
Jackson,  Winiam  S.,  Chief  Ship  Draughtsman,  Messrs.  Gourlay  Bros,  k  Co., 

Camperdown  Shipyard,  Dundee. 
List,  John,  Superintendent  Engineer,  Messrs.  D.  Currie  k  Co.,  Orchard  House 

Works,  Black  wall,  London,  E. 
Nunes,  Enrique  E.,  Engineer,  Argentine  Navy,  Elswick  Shipyard,  Newcastle-on- 
Tyne. 
Tinkler,  Robert  Harrison,  Engine    Draughtsman,  Messrs.  Clarke,  Chapman,  & 

Co.,  Gateshead-on-Tyne;  44,  Blyth  Terrace,  Gateshead -on-Tyne. 
Wallis,    Robert,    Engine   Draughtsman,   Messrs.   Wallsend    Slipway   Co.;   76, 

Heaton  Park  Road,  Heaton,  Newcastle-on-Tyne. 

VOL.  TII.-1891.  Q  Q 


GKADrjATKS, 
1   Clagae,  James   Hetirj-,   Sbip   DraughtBiuun.   Messm.  Laird  Bros.,  Bii'lcenhead 

Irnu  Works,  Birkenhead, 
[i  OibsoD.  Jcwepb  H.,  Engiiie  DraughtauutD,  Meean.  Laird  Broi.,  Birkenlieod ;  8, 

Coltltrt  Bond,  Prince's  Park,  Liverpool. 
I    Weilgwoiid,    Josi&h    Clmueat,    Appreutii^    Shipbuilder.    T,    SjdenliBm    Terrace, 
NewunBtle-on-Tjne. 
Weinberg,  Herbert  Jnuies,  Apprentice  Engineer,  Messrs.  (iourlaj  Bros.  &  Co., 
Dundee;  Fembrae,  Dundee. 


NOMINATIONS  FOR  THE  COUNCIL. 

The  PAax-PfiSsiDENT  announced  that,  in  a«H>nhincL'  with  Article 
X,  of  the  Coustitution,  the  follomng  gentlemen  retire  from  tbu  Council: — 
Prt^ident  —  Mr.  Wigham  Richardaou;  Vice-Prraideuts  —  Mesara.  H. 
Ma(»ll,  P.  Watts,  and  E.  I,.  Weigh  ton ;  Hon,  Treasurer— Mr.  B.  G. 
Nichol ;  Councihneu — Messre.  J.  R.  Fothi;rgiU,  T.  Miliar,  JHioea  Patter- 
son, John  Price,  and  A.  Scholefield. 

In  accordance  with  Bye-Law  11,  the  Past-Preaident,  on  bc'half  of 
the  CoUTicil,  nominated  the  following  gentlemen  to  be  ballotel  for  to 
111]  ap  the  vacaudea : — President^Mr.  Wigham  Richardson ;  Vice- 
Presidents  (three  to  he  otcctcd) — Messrs.  J-  R.  Fothergill,  James  Pattcr- 
floii,  John  Price,  H.  F.  Swan,  and  J.  Tweedy;  Hon.  Treasurer— Mr. 
B.  G.  Nichol  i  Coiiucihnen  (five  to  Ixi  elected)— Messrs.  W.  Hok,  G.  E. 
Macarthy,  H.  Mawll.  D.  R.  Morison,  J.  W.  Reed,  R.  L.  VVeighton,  and 
P.  D,  Winstanley, 

Mr.  M,  Sandison  nominated  Mr,  W.  C.  Reynolds  as  a  member  of 
the  Council. 

Mr,  L.  Newitt  nominated  Mr,  M.  Sandison  as  a  member  of  the 
Council, 

The  Past- President  gave  notice  that  at  the  Closing  Business 
Meeting,  to  be  held  in  Newcastle-upon-Tyne,  on  May  11th,  the  President, 
on  behalf  of  the  Council,  would  move  that  the  following  altenitions  be 
made  in  the  Articles  of  Constitution  and  the  Bye-Laws ; — 

Note, — Proposed  nllerations  are  in  italics. 

CONSTITDTION. 

S. — Paragraph  3  to  read  as  follows : — 

The  retiring  Vice-Presidents  shall  be  eligible  for  re-election.  The 
retiring  Councilmeu  shall  not  be  eligible  for  re-election  to  the  same 
offices  until  after  an  interval  of  one  year,  but  shall  be  eligible  for 
election  to  any  other  office. 
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Bye-Laws. 

31. — The  following  Sub-Committees  shall  be  appointed  annually  at 
the  first  meeting  of  the  Council  in  each  Session: — (1)  A  Finance  Com- 
mittee, to  consist  of  seven  persons,  viz.,  one  Past-President  or  Vice- 
President,  who  shall  be  chairman;  five  Councilmen,  and  the  Honorary 
Treasurer  of  the  Institution  ;  three  of  whom  shall  foim  a  quorum.  The 
Treasurer  shall  be  empowered  to  pay  all  amounts  due  from  the  Institu- 
tion which  are  under  two  pounds.  All  amounts  of  two  pounds  and 
upwards  shall  be  paid  by  cheque  signed  by  the  chairman  of  the  Finance 
Committee  (or  in  his  absence,  by  the  President  or  a  Past-President),  the 
Secretary,  and  the  Honorary  Treasurer.  (2;  A  Reading  Committee,  to 
consist  of  six  members  of  Council.  No  member  ivho  has  served  on  this 
Committee  for  three  years  in  succession  shall  be  eligible  for  re-election 
until  after  an  interval  of  one  year,  (3)  A  Library  Committee,  in  accord- 
ance with  Library  Bye-Laws  Nos,  1  and  3, 

35. — Old  rule  to  be  rescinded  and  the  following  to  be  inserted : — 
The  Secretary  shall  send  to  each  speaker  as  soon  as  possible  after  a 
General  Meeting  a  copy  in  mamcscript  of  the  speaker's  otvn  remarks  for 
cctrection.  This  copy  must  be  returned  to  the  Secretary  within  four  days. 
A  printed  proof  will  also  be  sent  to  each  speaker  for  further  revision ; 
this  must  be  returned  to  the  Secretary  within  three  days,  otherwise  it  will 
be  deemed  correct,  and  printed  off  after  receiving  verbal  corrections, 

36. — Add  after  the  word  "  Secretary  "  and  must  be  approved  by  the 
Reading  Committee. 

New  Bye- Law  to  be  numbered  44  : — 

The  capital,  stock,  and  funds  of  this  Institution  shall  be  vested  in  tJie 
names  of  three  Trustees  to  be  elected  from  time  to  time  as  vacancies  occur 
by  the  members  of  the  Institution  at  a  General  Meeting  called  for  that 
purpose.  All  mortgages  and  other  securities  sJiall  be  taken  in  the  names 
of  such  Trustees;  Und  on  any  new  appointment  the  funds  shall  vest  in 
the  newly-appointed  Trustee  or  Trustees  jointly  with  the  continuing  or 
remaining  Trustee  or  Trustees. 

The  present  Bye-Law  No.  44  shall  be  numbered  45. 
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The  discussion  on  Mr.  W.  C.  Mountain's  paper  on  "  Electrical 
Engineering  "  was  resumed  and  closed. 

Mr.  W.  HoK  then  read  his  second  paper  on  '*  The  Unsinkability  of 
Cargo-Carrying  Vessels ;"  the  discussion  was  opened  and  adjourned. 
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ADJOUKNEl)  DISCUSSION  ON  MR.  W.  C.  MOUNTAIN'S  PAPER 
ON  ''ELECTRICAL  ENGINEERING,  WITH  SPECIAL  REFER- 
ENCE TO  ELECTRIC  LIGHTING." 

Mr.  M.  Sandison,  in  resuming  the  discussion  on  the  above  subject, 
said  there  was  one  point  in  connection  with  Mr.  Mountain's  comprehen- 
sive paper  that  he  should  like  to  know  more  about.  In  Appendix  A 
(page  297)  he  told  them,  when  describing  the  central  station  of  the  St. 
James's  and  Pall  Mall  Electric  Light  Company,  that  the  steam  pipes 
were  of  wrought  iron,  9  inches  internal  diameter,  |  inch  thick,  and 
working  at  150  lbs.  pressure.  It  would,  he  thought,  be  of  interest  to 
the  Institution  were  Mr.  Mountain  to  give  them  some  information  as  to 
the  construction  of  these  pipes:  how  the  flanges  were  secm-ed,  and 
whether  they  were  giving  satisfaction.  In  marked  contrast  to  that 
arrangement,  in  Appendix  B  (page  302),  when  describing  the  Deptford 
central  station,  Mr.  Mountain  had  omitted  to  direct  their  attention  to 
the  multiple  copper  steam  pipe  introduced  by  Mr.  Ferranti.  This  was 
the  direct  outcome  of  the  mishap  at  these  works  in  1889.  In  place  of 
one  pipe,  9  inches  diameter,  he  utilised  seven  soUd  drawn  copper  pipes, 
some  Si  inches  in  diameter,  with  the  ends  expanded  into  a  common 
flange.  It  would  be  interesting  to  know  if  this  system  was  also  giving 
satisfaction.  He  could  not  say  that  he  (Mr.  Sandison)  thought  it  a  step 
in  the  right  direction.  Both  of  these  departures  from  the  usual  practice 
of  fitting  a  brazed  copper  pipe  served  to  emphasise  the  opinion  expressed 
in  a  paper  on  "  Main  Steam  Pipes"  which  he  had  read  before  the  Institu- 
tion a  few  mouths  ago,  viz.,  that  the  subject  was,  to  say  the  leiist  of  it,  in 
a  somewhat  unsettled  state. 

Mr.  L.  Newitt  said  he  was  unable  to  be  present  at  the  previous 
meeting,  but  understood  that  the  electric  lighting  of  ships  was  the  great 
point  under  discussion,  and  that  single  wiring  had  been  advocated.  Having 
lighted  a  great  number  of  vessels,  he  ventured  to  give  his  opinion  with 
reference  to  the  wiring,  which  was,  that  where  the  electric  light  was  put 
into  a  ship  it  should  most  certainly  be  on  the  double  wire  in  preference  to 
the  single  wire  system.  His  reasons  for  arriving  at  this  conclusion  were: 
that  in  the  double  wire  system,  if  they  by  chance  got  a  leak  on  one  wire 
the  installation  would  not  break  down,  whereas  in  the  single  wke  system 
if  they  got  a  leak  on  a  wire  the  whole  circuit  would  probably  be  useless 
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notiJ  tho  leak  was  found  and  remedied.  This  waa  very  important,  because 
at  the  prosent  time  very  few  ships  carriod  an  engineer  qualified  to  deal 
with  such  matters,  and  so  a  part  or  the  whole  of  the  sbip  might  be  thrown 
into  darkness  for  the  gi-eater  part  of  a  voyage.  With  a  double  wire 
system  there  was  only  half  this  chance  of  a  breakdown.  The  qnestion  of 
making  a  safe  connection  ou  the  hull  of  the  siiip  for  the  petura  instead  of 
using  another  wire  introduced  a  weak  point.  Unless  a  very  expensive 
earth  connection  was  made,  wiiich  gripped  the  insulation  of  the  cable  and 
made  it  water-tight,  the  system  would  last  comparatively  no  time.  If 
there  was  any  bare  copper  exposed,  the  salt  water  or  spray  would  attack 
it,  and  in  a  very  Uttle  time  considerably  reduce  the  sectional  area  of  the 
wire,  then  the  current  would  cause  heJiting,  and  if  eaten  away  to  any 
estent,  the  wire  would  become  very  hot,  and  might  set  fire  to  any  inflam- 
mable material  in  its  neighbourhood.  If  it  did  not  cause  a  fire,  the  wire 
conductor  would  simply  burn  up,  and  the  light  depending  ou  this  v/irc 
would  go  out.  Agajji,  the  current  in  a  single  whe  system  played  a  very 
important  piirt  in  its  effect  upon  the  compass.  It  is  found  by  calculation, 
that  a  compass  would  not  be  affected  in  an  ortlinary  sized  ship  if  her  decks 
and  hull  were  of  ii-on  some  3  feet  thick,  and  all  wu-es  kept  below.  But 
this  design  of  ship  is  impossible ;  so  it  is  found  that  some  of  our  shipn, 
electrically  lighted  on  the  single  wire  system,  show  iu  many  caees  a  dis- 
tnrlmnce  of  the  compass  of  from  S  degs,  to  7  degs,,  when  gronps  of  lights, 
in  various  parts  of  the  ship,  are  thrown  on  and  off,  as  is  customary  in 
ordinary  sea-going  passenger  ships.  To  prove  this,  he  had  made  some 
experiments  a  few  days  previously  ou  board  a  cruiser  to  see  what  effect  they 
could  get  from  screening  the  compasses;  and  having  two  compasses 
exposed  he  tried  to  see  what  the  result  would  be  with  a  current  of  100 
amperes,  which  is  the  current  required  for  about  120  lamps.  Using  Sir 
Wm.  Thomson's  compasses  with  six  needles,  he  placed  a  single  wire 
3  feet  from  the  compasses,  on  a  level  with  them  and  in  a  horizontal 
direction,  and  got  a  deflection  of  58  degs.  Next,  he  fixed  the  wire  6  feet 
ill  front  of  the  compasses,  the  wire  passing  down  vertically,  and  got  a 
deflection  of  10  degs.  He  then  took  the  wire  14  feet  away,  over  the 
side  of  the  ship,  the  wire  running  fore  and  aft,  and  got  8  degs.  deflec- 
tion; and  at  20  feet  away  it  was  7^  degs.  In  these  two  cases  the  iron 
intervening  between  the  compass  and  the  wire  was  J  inch  and  f  inch 
thick,  thus  showing  that  the  iron  plating  on  the  side  of  the  ship  had  very 
little  screening  effect  upon  the  compass.  Next,  he  passed  the  same  wire 
directly  under  the  compass,  running  fore  and  aft,  the  deck  lietwecn  being 
paitly  iron  and  partly  wood,  and  at  a  distance  of  12  feet  the  deflection 
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was  12  degs.  He  carried  it  20  feet  away,  under  an  armoured  deck,  varying 
from  1  inch  to  2^  inches  in  thickness,  and  practically  without  any  open- 
ings, and  got  a  deflection  of  from  2  to  2^  degs.  At  a  distance  of  10  feet, 
the  compasses  being  in  a  conning  tower,  the  mean  diameter  of  which  was 
7  feet,  and  whose  sides  were  4  inches  thick,  with  two  iron  floors  each 
f  inch  thick,  and  a  roof  |  inch  thick,  there  was  still  a  deflection  of  from 
2  to  2^  degs.  These  last  two  experiments  went  to  prove  that  the  effect 
of  the  current  upon  the  compasses  decreased  with  the  thickness  of  the 
intervening  plate.  But,  small  as  these  deflections  were,  2  degs.  were 
equal  to  35  miles  per  1,000,  or  in  a  voyage,  say  from  Queenstown  to 
New  York,  an  error  of  105  miles;  and  a  deflection  of  2^  degs.  would 
give  an  error  in  the  reckoning  of  44  miles  per  1,000,  or  on  the 
same  voyage  an  error  of  132  miles.  They  might  say  that  this  would  be 
impossible  as  they  would  be  taking  their  bearings,  but  it  was  possible  to 
imagine  cases  in  which  cloud  or  fog  prevailed  for  several  days,  when  it 
would  be  impossible  to  take  bearings.  In  cases  of  this  kind  an  error  of 
2  degs.  might  be  attended  with  very  serious  consequences.  The  above 
results  were  generally  checked  by  two  compasses,  so  that  the  results  were 
fairly  accurate.  Summing  up  these  points,  then,  these  were  his  conclu- 
sions : — 

(1)  In  the  single  wire  system  there  is  twice  the  chance  of  a  break- 

down. 

(2)  More  danger  of  fire  through  bad  contact  with  the  ship  and 

exposed  wire  eaten  away  by  the  salt  water. 

(3)  The  serious  effect  upon  the  compass,  which  it  is  impossible  to 

screen  eificiently. 
When  these  facts  became  known  to  shipowners  single  wiring  would 
never  again  be  admitted  at  sea,  especially  when  it  could  be  avoided  in  an 
ordinaiy  sized  ship  at  an  extra  cost  of  about  £60.  That  finished  all  he 
had  to  say  on  ship  lighting.  He  wished  now  to  deal  with  a  point  on 
page  275.  Mr  Mountain  stated  there  that  "  the  advantages  of  increas- 
ing the  number  of  poles  in  djnanios  of  large  cajmcity,  consisted  in  the 
increased  ventilation  in  the  armature  due  to  the  larger  diameter  and 
consequently  increased  surface."  A  well-designed  machine  should  not 
require  ventilation,  as  there  should  not  be  heating.  Any  generation 
of  heat  meant  loss  of  power,  and  therefore  less  economy.  He  had 
seen  two-pole  machines  running  600  lamps,  and  no  unusual  heating 
had  occurred.  Their  efficiencies  had  also  been  very  high,  therefore  he 
should  like  to  know  for  what  number  of  lamps  the  writer  advised 
the  use  of  an  increased  number  of  poles  'i    It  was  natural  to  sup- 


322  UISCURSIOS — BLKCTHICAl.   KNGISEERINO. 

pose  thtit  machines  having  more  than  two  poles,  were  more  eipenBive 
than  two-j>olG  dynamos,  aud  more  complicated  and  difficult  to  keep  in 
order,  so  he  (Mr,  Ncwitt)  thouglit  two-jwle  machines  should  be  used  up  to 
fiOi)  lamja  or  more.  Oil  pa^  278,  the  writer  said  that  "a  shnnt  wound 
dynamo  is  not  suitud  for  rnnninj^  inwiiidesccnt  lani(«,  uultsa  a  variable 
rL-siBtan<;o  is  placed  in  the  field  magnet  circuit."  He  (Mr.  Xewitt)  thought 
it  was  found  iu  pmctice,  when  the  engine  was  eleotriealty  governed,  that 
shunt  wound  machines  worked  perfectly.  Take  the  case  of  the  Parsona's 
turbo-electric  generator.  This  machine  was  shunt  wound,  but  owing  to 
its  electrical  governor  the  voltajfe  was  quite  constant.  He  had  fitted 
more  than  twenty  of  these  machiucB  into  sliijis  of  war,  aud  on  the  trial  of 
the  machines  it  was  found  that  at  full  load  thoy  gave  SO  volts,  and  when 
the  whole  load  was  suddenly  thrown  off  the  voltage  did  not  rise  to  more 
than  H2  or  S3  volts.  Thus,  here  was  a  case  where  he  hod  often  seen  shuut 
woutid  dynamos  work  perfectly  in  combination  with  an  electrical  governor 
on  an  Incaiideaccnt  electrio  light  oirctiit.  This  arrangement  enablod  them 
tochai^  tuxinnmlators  nitii  safety;  therefore  thin  coinhiiiation  bncame 
very  important.  On  page  281,  the  bottom  paragraph  but  one,  tJic  writer 
says;  "The  fire  inauraiitie  companies  have  now  issued  mles  in  which  thej 
state  that  a  density  not  exceeding  1,000  amperes  jier  Bi|nuru  iiu^h  soctioii 
of  copper  in  the  conductcra  is  permissible."  For  insUillutions  of  any  great 
size  this  was  found  too  high,  as  it  caused  too  great  a  drop  in  \'otts  to  be 
satisfactory.  He  (Mr.  Newitt)  found  that  it  was  best  to  wire  large  instal- 
lations on  a  basis  of  600  to  800  amperes.  He"  should  like  to  hear  what 
Mr.  Mountain  had  to  say  on  that  point.  On  |mge  ^82,  the  first  line  after 
the  tabular  matter,  would,  he  thought,  more  correctly  read:  "An  ordinary 
16  candle-power  100  volt  incandescent  lamp  requires  '65'  watts  to  feed 
it,"  instead  of  60  watts.  This  point  is  of  importance  when  the  power  of  a 
laT^  installation  is  being  arranged.  For  example,  in  an  installation  of 
600  IC  candle-power  lamps  this  alteration  would  require  an  additional 
allowance  of  4  horse-power.  On  page  287,  mention  was  made  of  various 
accumulators,  but  there  were  several  modern  accumulators  not  mentioned. 
For  example,  the  Crompton-Howell  accumulator,  now  in  extensive  use  at 
the  stations  of  the  Westminster  Company  and  of  the  Kensington  and 
Knightsbridge  Company.  Then,  there  were  the  new  cells  of  Drake 
and  Gorham  and  Johnson  and  Phillips.  Both  of  these  new  cells 
were  of  the  Plants  type,  and  seemed  to  have  great  advantages  over 
others  at  present  in  use.  He  would  be  glad  if  Mr.  Mountain  would 
give  them  some  infonuation  on  these.  He  thought  the  efficiency  for 
high  tension  cuiTents  quoted  at  98  per  cent,  on  page  290  was  rather 
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high.  A  transformer  often  ran  with  very  light  loads,  and  then  the  eflB- 
ciency  was  reduced  to  60  or  70  per  cent.  Taking  the  mean  efficiency  of  a 
transfonner  at  full  load  and  light  load  it  would  not  be  more  than  80  per 
cent.  Then,  the  leakage  and  other  losses  must  be  taken  into  account ;  so 
that  the  92  per  cent,  seemed  high.  He  had  had  very  little  experience 
with  high  tension  currents,  but  he  mentioned  this  point  because  he  often 
noticed  that  comparisons  were  made  in  favour  of  high,  rather  than  low 
tension.  He  was  glad  to  see  the  writer  had  mentioned  the  question  (page 
294)  of  placing  of  dynamos  in  a  ship.  It  was  exceedingly  important  that 
dynamos  should  be  in  a  clean,  dry,  spacious  room,  away  from  the  main 
engines  of  a  ship,  and,  wherever  possible,  sight  feed  lubricators  should  be 
used,  so  that  the  bearings  would  get  sufficient  oil,  but  not  too  much,  or 
the  armature  would  draw  in  the  oil  and  become  saturated.  On  page  295 
friction  and  belt  gearing  were  mentioned.  As  far  as  his  experience  went 
he  found  that  they  should  be  avoided  wherever  possible,  and  direct-acting 
machinery  used  instead.  The  slip  on  belts  was  proportional  to  the  load, 
and  as  the  load  was  constantly  varying  the  machine  would  vary  in  speed, 
and  consequently  a  rise  in  voltage,  so  that  at  one  time  the  light  would  be 
too  bright  and  at  another  not  bright  enough.  Direct-acting  machines  took 
up  less  room,  and  in  many  cases  were  lighter,  and  would  run  for  longer 
periods  without  attention. 

Mr.  B.  G.  NiCHOL  said  that  the  present  system  of  electric  lighting 
was  a  comparatively  modem  development  of  mechanical  engineering 
science,  the  knowledge  of  which  was  mainly  confined  to  the  manufacturers 
of  electrical  machinery  and  to  scientific  experts.  The  present  discussion 
might  be  instanced  as  a  case  in  point,  for  each  speaker,  up  to  the  present, 
was  either  a  manufacturer  of  electrical  machinery  or  engaged  in  making 
electric  installations.  Although  the  trained  electrician  might  be  disposed 
to  treat  as  elementary  information  a  great  portion  of  Mr.  Mountain's 
paper,  yet  it  appeared  to  him  (Mr.  Nichol)  that  the  paper  would  be  a 
great  boon  to  the  attendants  in  whose  charge  electric  light  installations 
were  usually  placed,  who,  in  many  cases,  had  a  very  limited  knowledge, 
and  in  perhaps  the  majority  of  cases  no  knowledge  at  all,  of  electrical 
science.  Mr.  Mountain  evidently  recognised  that  the  attendants  and  users 
of  electric  lighting  appliances,  as  also  many  of  our  members  who  have 
had  no  opportunity  of  studying  electric  lighting,  should  know  something 
of  the  stnicture  of  the  machinery,  of  the  manner  in  which  electricity  was 
generated  and  applied,  that  is,  the  manner  in  which  electrical  energy  was 
converted  into  light,  and  this  he  (Mr.  Nichol)  considered  greatly  enhanced 
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the  value  of  the  paper.  He  did  not  wish  to  make  any  lengthy  remarks, 
lis  tUu  previous  sijcakur  (Mr.  Ncwitt)  had  practically  exhauatL^d  the  Rrgn- 
ments  raised  on  tho  points  diBcuHsed,  The  practical  outcome  of  the 
discasaion,  it  seemed  to  him,  was  whether  they  were  to  have  double  or 
single  wires  in  any  caae  of  electric  light  inBtaliatign.  He,  for  one,  having 
had  some  experience,  not  bo  ranch  in  electrical  engineering  as  in  other 
spheres  of  electrical  work,  dJBtinctly  stated  that  in  no  case  would  he  adopt 
the  single  wire.  For  safety  and  endurance  he  was  of  opinion  that  in  the 
electric  lighting  of  ships  the  complet*  circuit  was  necessary.  He  would 
not  indeed  have  the  single  wire  system  either  afloat  or  ashore.  Some  of 
those  who  had  bid  practical  uxjierience  in  the  working  aud  maintununce 
of  inatiillii.tioua  might,  he  thought,  supplement  what  had  been  said  with 
some  useful  information. 

Mr.  G.  N.  Arnison,  Jan.,  remarking  that  he  was  not  an  electrical 
engineer,  recalled  the  circumstance,  ten  years  ago,  when  he  was  i-ejireaeiit- 
ing  the  owners  of  a  large  Bteamahip,  in  which  they  had  had  fitted  a  very 
large  intttallatiou.  It  was  on  the  single  wire  Bystem.  and  he  remembei'ed 
very  well  that  there  was  considerable  difficulty  with  it.  For  instance,  a 
fire  occurred  in  the  ceiling  of  one  of  the  deck  cabins  just  after  it  had  Ireen 
bMiutifullj  finished  and  decorated.  Another  time,  in  a  lai^e  saloon,  with 
accoinmoilation  for  about  800  people,  there  were  about  lOu  guests  seated 
at  flinner  when  the  light  w<.'nt  out,  and  there  was  no  alteniative  but  to 
resort  again  to  the  primitive  candle  light.  Although  amusing  in  one 
sense,  it  was  rather  annoying,  too,  and  his  belief  was  that  the  eontre-temps 
was  due  to  the  inefficient  single  wire  system.  From  all  he  had  since 
seen  he  quite  agreed  that  the  double  wiring  was  preferable  on  board  ship. 

Mr.  Wm.  Mohbison  thought  that  the  writer's  remarks  on  the  fire 
insurance  rule,  which  states  that  a  current  density  of  1,000  ampferes  per 
square  inch  is  pcnnisaible,  and  which,  the  writer  says,  "  is  found  to  be  an 
extremely  satisfactory  one,  at  any  rate  for  small  conductors  carrying  up 
H)  100  or  200  lamps,"  must  refer  to  the  case  of  ship  lighting,  where  the 
dynamo  is  in  the  midst  of  the  lamps,  for  when  the  distance  from  the 
dynamo  to  the  lamps  was  considerable,  a  current  density  of  1,000  amperes 
was  not  at  all  desirable.  He  (Mr.  Morrison)  was  of  opinion  this  was 
better  broi^ht  out  in  Appendix  B,  at  the  Deptford  central  station,  where 
the  writer  gives  the  current  density  as  330  amperes  per  square  inch,  and 
one  of  these  cables  was  capable  of  supplying  100,000  ten  candle-power 
lamps  with  a  loss  of  less  than  three  per  cent.  When  the  resistance  was 
great  the  loss  of  power  was  proportionately  great,  and  the  loss  on  a  current 


DISCUSSION — ELECTRICAL  ENGINEERING.  325 

density  of  1,000  amperes  being  considerable,  it  became  a  matter  of  im- 
portance in  large  installations  to  fix  on  a  suitable  current  density;  in 
fact,  he  might  say,  that  for  each  installation  there  was  a  particular  current 
density  which  was  most  suitable  for  that  installation.  In  the  case  of  ship 
lighting,  he  thought  that  an  occasional  density  of  1,000  amperes  was  not 
at  all  unreasonable  or  too  much,  but  certainly  not  to  exceed  1,000  amperes. 
The  heat  developed  in  a  wire  by  a  cun-ent  having  a  density  of  1,000 
amperes  was  not  very  great ;  in  a  bare  conductor  of  pure  copper,  having 
a  conductivity  of  96  per  cent.,  a  current  of  100  amperes  would  give  a 
rise  of  temperature  of  about  22  degs.  Fah.;  the  rise  of  temperature  for  a 
current  of  ten  amperes  under  the  same  conditions  being  about  7  degs. 
Fah.  He  thought  with  regard  to  the  single  and  double  wire  systems  of 
ship  electric  lighting  that  as  far  as  he  had  seen  the  double  wire  was  cer- 
tainly the  better  of  the  two,  for  in  it  there  was  less  liability  to  a  break- 
down of  part  or  of  the  whole  circuit  from  the  causes  already  mentioned. 

MR.  MOUNTAIN'S  REPLY. 

Mr.  Mountain,  in  reply  to  the  discussion,  said  he  regretted  that  the 
paper  which  he  had  written  had  not  lent  itself  to  more  discussion,  but  being 
the  first  paper  on  electric  lighting  that  had  been  read  before  this  Institution 
he  felt  that  it  would  be  best  to  read  such  a  general  paper  as  would  convey 
as  much  information  as  possible  to  all  classes  of  members.  At  the  same 
time  he  hoped  that,  having  led  up  to  the  parallel  and  alternating  systems 
of  distributing,  and  having  given  a  general  description  of  the  single  and 
double  wire  systems  of  ship  lighting  and  the  different  classes  of  engines 
used  for  installations  on  board  ship,  there  would  have  been  sufficient  basis 
for  a  more  lengthy  discussion  than  there  had  been.  Mr.  James  Thomson 
in  his  remarks  touched  upon  two  very  important  matters,  namely,  the 
relative  advantages  of  the  double  and  the  single  wire  system  and  the 
effect  of  the  single  wire  system  upon  the  compass.  As  Mr.  Holmes  also 
expressed  some  opinions  on  the  single  and  double  wire  system,  he  would 
give  what  information  he  could  respecting  the  effect  of  the  single  wire 
system  on  the  compass,  and  then  reply  to  both  Mr.  Thomson's  and  Mr. 
Holmes's  remarks  on  the  relative  advantages  and  disadvantages  of  the 
two  systems.  He  had  not  until  the  last  meeting  seen  the  formula  which 
Mr.  Thomson  stated  had  been  used  for  calculating  the  amount  of  deflec- 
tion due  to  a  current  of  electricity  passing  a  compass.  Such  a  formula 
must  be  extremely  valuable,  but  he  was  afraid  that  it  was  hardly  capable 
of  universal  application,  because  there  were  very  few  positions  in  a  ship 
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where  there  was  uot  a  cert^'n  amount  of  iron,  and  the  iron  in  the  hcums 
Lhemselvea  would  bo  aufficient  to  upset  this  formnla,  even  snppoHin^r  the 
deck  was  entirely  of  wood.  At  the  same  time  he  thought  that  anybody 
working  by  the  fonnula,  and  not  taking  into  aeconnt  any  iron  that  might 
be  within  a  small  distance  of  the  cable  would  be  on  the  Bafe  aide.  Sine* 
the  rending  of  his  paper  he  had  tried  some  experiments  to  ascertain  the 
actual  deflection  upon  the  compass,  and  had  made  in  all  eight  teats  as 
follows: — Double  wire-  sffslem.—l^Q.  1, — Cables  7  feet  from  compass, 
below  deck,  with  a  current  of  30  amperes  flowing;  no  deflection.  No.  2. 
— Cables  7  feet  from  compass,  above  deck,  with  a  current  of  30  amperes 
flowing;  no  deflection.  No.  3. — Cables  7  feet  from  compass,  above  deck, 
with  a  cmreut  of  80  amperes  flowing;  no  deflection.  No.  i. — Cables 
2  feet  from  conipaas,  above  deck,  with  a  current  of  80  amperes  flowmg: 
no  deflection.  Single  wire  si/siem.—No.  5, — Cable  7  feet  from  compass, 
below  deck,  with  a  cuiTent  of  30  amperes  flowing;  uo  deflection.  No.  6, 
— Cable  7  feet  from  compess,  above  deck,  with  a  current  of  80  amperes 
flowing;  half  a  degree  deflection.  No.  7. — Cable  5  feet  from  compass, 
below  deck,  with  a  current  of  60  amperes  flowing ;  slight  deflection. 
No.  8. — Cable  2  feet  from  compaas,  above  deck,  SO  amperes  flowing ; 

7  degrees  deflection.  The  above  t«sU  were  tried  both  with  the  cables 
fore  and  aft  and  athwart  ships,  and  the  effect  upon  the  compass  was  prac- 
tically the  same  in  all  cases.  He  then  tried  another  experiment  to  ascer- 
tain the  effect  of  the  dynamo  upon  the  t-om|iass,  and  pjarod  n  dynamo 

8  feet  from  it.  In  the  first  experiment  the  dynamo  was  placed  below  the 
compass,  and  in  the  second  experiment  8  feet  below  and  8  feet  on  one 
side,  the  dynamo  being  shielded  by  the  deck  above,  with  the  result  that 
there  was  no  deflection  on  the  compass.  Of  course  different  classes  of 
dynamos  would  have  different  effects  upon  the  compass,  becanse  in  good 
machines  there  was  very  httle  stray  magnetic  field,  bat  in  inferior 
machines  there  was  sometimes  a  very  considerable  stray  magnetic  field 
which  would  have  a  greater  efiect  upon  the  compass.  These  experiments 
appeared  to  him  bo  point  out  very  conclusively  that  whether  a  ship  was 
wired  on  the  double  wire  system  or  not,  for  safety's  sake  all  wiring  near 
the  compass  should  be  on  the  double  wire  system,  otherwise  there  was 
always  a  liability  to  error.  Mr.  Thomson  in  his  remarks  expressed  a 
decided  preference  for  the  double  wire  system,  whereas  Mr.  Holmes  was 
equally  strong  in  his  preference  for  the  single  wire  system.  In  addition 
to  Mr.  Thomson's  objection  to  the  single  wire  system  on  account  of  the 
deflection  on  the  compass,  he  objected  to  the  system  on  account  of  the 
joints  being  made  to  the  hull  of  the  ship ;  and  although  It  might  be  the 
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practice  of  second-rate  firms  to  make  these  connections  to  a  deck  bolt  or 
some  nut  secured  against  a  beam,  yet  good  firms  would  not  make  their 
connections  with  the  hull  in  this  way;  the  practice  being,  as  Mr.  Holmes 
explained,  to  tap  the  hull  and  secure  the  wire  by  a  brass  screw  and 
washer.  This  system  of  making  connections  was  certainly  to  be  pre- 
ferred to  the  former;  at  the  same  time  it  was  an  objectionable  system  in 
his  opinion,  because  ships  were  always  liable  to  a  certain  amount  of 
sweating,  with  the  result  that  damp  would  accumulate  round  the  joints, 
setting  up  an  electrolytic  action  and  causing  a  gradual  eating  away  of  the 
copper  wire,  the  brass  bolt,  and  the  hull  itself.  To  show  what  he  meant 
he  had  made  a  connection  to  a  piece  of  iron  representing  the  hull  in  the 
way  proposed  by  Mr.  Holmes  as  being  satisfactory.  It  had  been  moistened 
with  water  occasionally,  and  a  current  of  5  amperes  passed  through  the 
connection  fairly  constantly  for  the  last  five  weeks.  For  his  part  he  con- 
sidered such  a  contact  not  to  be  depended  upon,  as  the  result  showed. 
[The  metal  exhibited.]  A  friend  of  his  informed  him  some  time  since 
that  in  one  ship  that  he  had  been  connected  with  the  electrolytic  action 
set  up  between  a  joint  and  the  hull  had  been  so  great  that  the  hull  of  the 
ship  was  almost  eaten  through,  and  he  was  not  at  all  surprised  at  this 
result,  seeing  that  many  connections  were  necessarily  made  in  damp 
places;  and  although  those  in  favour  of  the  single  wire  system  might 
argue  that  this  action  did  not  take  place  except  in  special  positions,  yet  it 
was  an  action  which  they  had  to  guard  against.  Tn  the  double  wire 
system  no  contact  was  made  with  the  hull,  the  electric  light  circuit  being 
entirely  distinct.  All  joints  were  thoroughly  soldered  and  insulated  in 
such  a  manner  that  damp  could  not  get  to  them,  the  result  being  that  it 
was  very  seldom,  in  a  good  installation,  that  leakage  occurred;  and  as  99 
per  cent,  of  fires  on  board  ship  were  caused  either  by  excessive  leakage, 
which  gradually  broke  down  the  insulation  and  caused  a  short  circuit,  or 
by  the  contact  of  the  single  wire  with  the  hull,  it  would  be  apparent  that 
in  a  well  planned  installation  on  the  double  wire  system  a  fire  was  almost 
an  impossibility.  On  the  other  hand,  with  the  single  wire  system,  how- 
ever well  done  it  might  be,  there  was  always  a  possibility  of  the  single 
wire  being  severed  and  contact  made  with  the  hull,  and  in  the  event  of 
the  fusible  cut-out  not  fusing  a  fire  was  pretty  well  certain  to  occur.  The 
Admiralty,  who  had  probably  as  much  experience  of  electric  lighting  on 
board  ship  as  anyone,  were  now  using  the  double  wire  system,  he 
believed  exclusively.  Their  cables  were  very  thickly  insulated  with  bitu- 
men and  braid  and  lead  covered  outside,  the  wires  being  secured  by  clips 
to  the  under  side  of  the  decks  or  bulkheads  according  to  the  positior 
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tliey  were  run  in.  The  magle  wire  ajstem  ondonbteilly  had  the  merit  of 
being  mneh  cheaper  to  inslail  tbaii  tlie  duablo  wire  ayijteiii,  a]v\  if  carried 
wilt  by  experienced  insn  hud  nuswered  woll;  iit  the  simu  lime  he  failed 
to  see  where  it  oB'en.'d  any  advantiige  over  the  double  wire  system,  aad 
most  eertainly  there  were  very  luaiiy  important  advantages  poEBessed  by 
the  di.iubie  wire  system  which  did  not  apply  to  the  single  wire  Bystcm. 

Mr.  tiray  Imd  brought  before  their  notice  the  system  known  us 
Andrews's  concentric  wire  systcin,  the  internal  core  being  of  copjier  slid 
the  return  wire  being  of  stnioded  iron  wire,  the  iron  wire  making  contact 
with  the  hull  of  tiie  ship  wherever  it  might  touch.  This  win  practiciilly 
a  single  wire  system,  but  the  single  wire  was  protected,  being  armoured 
by  the  iron  wire  outside.  Certainly  Mr.  Andrews  hud  shown  considerable 
ingennity  in  the  method  of  making  the  joint  and  tlie  general  system,  and 
although,  provided  the  joints  were  well  made,  hi'  should  feel  inclined  U> 
favour  this  flystem  in  preference  to  the  ordiniii7  single  wire  system,  yet 
he  still  thought  that  the  double  wire  system  was  preferable,  and  ho 
did  not  think  that  in  point  of  Srat  oost  that  there  was  much,  if  anything, 
in  favour  of  Mr.  Andrews's  concentric  syatem, 

Mr.  Eiigeoe  Brown  stated  that  the  comparative  efficiencies  shown 
[jetween  the  high  tension  alternating  and  low  tension  continuous  current 
systems  were  baaed  upon  extreme  casus.  This  he  admitted,  and  the 
example  was  only  giviiu  to  show  that,  in  partienlar  cases  wliere  it  was 
desired  to  distribute  tlie  current  over  a  Jarge  area,  tlie  euormons 
advantage  there  was  in  using  the  alternaiing  current  system  on  full 
load,  besides,  as  he  pointed  out,  on  light  load  with  the  low  tension 
system  it  would  be  practically  impossible  to  regulate  the  E.M.F.  for 
the  I'ar  distant  lamps.  In  compact  areas,  such  an  the  area  lighted  by 
the  St.  James  and  Pall  Mall  Electric  Light  Co.,  there  was  no  doubt 
that  the  continuoub  current  system  was  the  proper  one  to  use ;  on  the 
other  hand,  assuming  the  central  station  to  be  placed  at  Deptford  and 
the  current  having  to  be  conveyed  to  London  and  then  distributed  over 
a  large  portion  of  the  city,  the  alternating  system  had  the  advantage. 
The  actual  example  from  which  his  calculations  were  made  arose  from 
an  enquiry  his  firm  had  recently  received  for  lighting  sis  large  buildings 
abroad,  the  furthest  one  being  1,200  yards  from  the  dyniimo,  and  he 
prepared  a  calculation  somewhat  similar  showing  hou'  impossible  it 
would  be  to  get  anything  like  self-regulation  over  the  system  unless 
high  tension  alternating  currents  were  used. 

Mr.  Walliker  had  given  an  illustration  of  the  enormous  deSection 
upon  the  compass,  viz.,  19  degrees,  where  a  Hintjle  wire  ran  i  feet  from 
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the  compass,  and  this  was  quite  sufficient  illustration  to  point  out  the 
desirability  of  having  ships  wired  upon  a  system  where  such  errors  could 
not  arise.  He  thought  shipbuilders  would  agree  with  him  that  it  was 
better  to  avoid  a  cause  of  error  than  provide  a  remedy.  He  was  extremely 
glad  that  Lloyd's  Eegister  had  taken  this  subject  In  hand,  and  he  hoped 
that  they  would  as  thoroughly  thrash  out  electric  lighting  as  they  had  ship- 
building and  engineering.  He  was  sure  that  the  result  of  such  an  action 
on  their  part  would  eventually  considerably  improve  the  quality  of  the 
work  done  on  board  ship,  in  the  same  way  that  the  rigid  inspection  of 
the  PhcBnix  Fire  Office  improved  the  quality  of  work  done  in  land 
installations,  and  he  thought  that  Lloyd's  would  do  well  either  to 
encourage  their  surveyors  to  obtain  a  thoroughly  practical  know- 
ledge of  the  subject  of  electric  lighting,  or  else  employ  at  each  large 
port  a  qualified  electrical  engineer  to  superintend  the  erection  of  all 
installations  on  board  ship.  He  was  sure  the  result  would  be  that 
electric  lighting  would  ultimately  become  universal,  instead  of  hearing 
of  failures  due  to  bad  workmanship  as  they  did  at  the  present  time. 

Mr.  Sandison  asked  him  for  any  particulars  respecting  the  construc- 
tion of  the  wrought  iron  steam  pipes  used  by  the  St.  James  and  Pall  Mall 
Electric  Light  Company.  He  had  communicated  with  the  engineer,  and 
received  the  following  telegram  : — "9  inch  wrought  iron,  150  lbs.  pres- 
sure, running  flanges  butt  jointed  with  copper  rings  for  economy,  but 
principally  for  reliability."  His  own  experience  exactly  coincided  with 
the  reasons  why  the  engineer  to  the  St.  James  and  Pall  Mall  Electric 
Light  Company  had  used  wrought  iron  pipes,  and  certainly  on  the  score 
of  economy  and  reliability  he  had  a  decided  preference  for  wrought  iron. 
As  a  matter  of  fact,  wrought  iron  pipes  were  now  coming  very  largely 
into  use  for  all  places  where  high  pressure  steam  was  being  used,  that  is, 
for  working  pressures  of  from  80  to  150  lbs.  per  square  inch.  He  had 
not  seen  Mr.  Ferranti's  an*angement  of  grouped  copper  pipes,  and  could 
not  see  that  such  an  arrangement  would  be  of  any  advantage,  unless  each 
pipe  was  fitted  with  its  own  stop  valve,  so  that  in  the  event  of  one  pipe 
bursting  that  particular  pipe  could  be  shut  oil*.  There  is  no  doubt  that 
a  number  of  small  pipes  would  probably  be  safer  than  one  large  pipe ;  at 
the  same  time,  experience  had  shown  that  large  copper  pipes,  when 
properly  made,  were  reliable.  No  doubt,  however,  Mr.  Ferranti  had 
good  reasons  for  using  the  grouped  copper  pipes,  which,  however,  had 
not  been  explained  to  him. 

Mr.  Newitt,  he  was  very  glad  to  heai',  expressed  himself  very  strongly 
in  favour  of  the  double  wire  system,  and  he  was  plejised  to  note  that  hi^ 
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remarks  were  baaed  on  aetual  results,  which  were  in  nil  casos  fur  more 
reliable  than  mere  opinion,  and  would  therefore  be  of  very  considerable 
value.  He  fnlly  agreed  with  Mr.  Sewitt  that  the  extra  cost  of  the  double 
wire  Bystem  over  the  single  wire  aystera,  on  board  a  ship  fitted  with,  say, 
3(10  lights,  would  not  exeeed  about  £fiO,  and  when  taking  into  account 
the  many  advantages  possessed  by  the  former  system,  he  felt  sure  that 
shipowners  would  he  disposed  to  pay  this  small  extra  price  if  only  they 
clearly  understood  the  great  advautages  the  system  possessed.  Of  course 
the  coat  of  laying  two  wires  would  slightly  exceed  the  cost  of  laying  the 
single  wire,  but  this  would  he  to  a  great  extent  compciisjited  for  by  the 
additional  CkWt  of  drilling  and  tapping  the  holes  in  the  hull  of  the  ship 
for  the  return  wires.  Mr.  Newitt's  figures  giving  the  dcSectiou  on  the 
compass  with  single  wires  placed  in  various  positions  were  extremely 
intfrcsting,  and  are  of  great  value  on  account  of  their  reliability,  and  he 
thought  that  any  practical  ahipowner  would  at  once  realise  how  extremely 
risky  and  unrehahle  a  system  of  electric  lighting  must  be  in  which  there 
was  a  possibility  of  such  uu  error  in  the  compass  occurring,  and  he  quite 
agreed  with  Mr.  Newitt  when  he  stated  that  when  these  facts  became 
known  to  shipowners  single  wiring  would  never  be  admitted  again  at  sea, 
especially  wheu  it  could  be  avoided,  in  ordinary  sized  ships,  at  an  extra 
coat  of  about  £60.  He  had  had  considerable  experience  iu  the  construc- 
tion of  multipolar  dynamos,  and  distinctly  preferred  the  multipolar  type 
of  machine  fi^r  larj^e  outputs,  that  is.  iu  machines  whoso  output  cxcecili.'d 
400  to  500  lights,  and  tt  was  his  practice  to  make  four-pole  machines 
with  a  capacity  of  100  lights,  i.e.,  6,500  watts,  because  in  the  Tyne  type 
of  dynamo,  as  made  by  his  firm,  the  use  of  four  poles  allowed  a  special 
construction  of  armature,  which  was  capable  of  being  more  readily 
repaired  than  any  other  type  in  the  market,  this  being  a  matter  of  con- 
siderable importance  in  dynamos  used  at  sea,  where  an  accidental  short 
circuiting  of  an  armature  coil  would,  in  the  case  of  most  machines, 
entirely  stop  the  lighting,  whereas  in  the  type  of  machine  made  by  his 
firm  such  an  accident  occumng  to  the  armature  could  be  repaired  by  an 
ordinary  fitter  in  a  very  short'time.  Further,  by  using  an  armature  of 
large  diameter  more  perfect  ventilation  was  secured,  and  the  machine 
consequently  ran  much  cooler  than  a  two-pole  machine  with  a  small 
armature.  In  practice  it  was  also  found  difficult  to  wind  the  large  con- 
ductors required  for  the  heavy  current  of  large  dynamos,  and  it  became 
necessary  to  laminate  these  wires  to  prevent  excessive  heating.  By 
increasing  the  number  of  poles  the  section  of  wire  on  the  armature  was 
reduced  in  accordance  with  the  number  of  poles,  and  therefore  a  much 
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smaller  conductor  could  be  used,  which  can  be  more  easily  wound,  and  is 
not  subject  to  heating  from  eddy  currents.  He  did  not  find  in  practice 
that  the  four-pole  type  of  machine,  as  made  by  his  firm,  was  at  all  an 
expensive  one  to  build,  and  was  most  certainly  much  less  complicated 
than  many  two- pole  dynamos  in  the  market.  For  instance,  the  Tyne 
four-pole  dynamo  can  be  taken  entirely  to  pieces  by  removing  the  top 
half  of  the  magnet  frame,  which  was  done  by  taking  out  eight  bolts,  and 
also  taking  off  the  bearing  caps,  the  bearings  being  adjustable;  the 
armature  could  then  be  lifted  from  its  place,  or  examined  in  its  bearings. 
With  the  two-pole  type  of  machine,  whether  of  the  dram  or  cylinder 
type,  it  became  necessary  to  take  down  the  end  bearing,  and  drag  the 
armature  through  the  field  magnets  before  it  could  be  lifted,  which  was, 
in  his  opinion,  a  most  objectionable  plan,  as  the  insulation  on  the  arma- 
ture would  very  likely  be  considerably  damaged.  He  did  not  think  that 
Mr.  Parsons's  dynamo  could  be  i'airly  compared  with  the  ordinary  com- 
mercial machine,  on  account  of  its  excessive  speed.  Of  course  when 
the  dynamos  are  run  at,  say,  10,000  revolutions  per  minute,  it  is  only 
necessary  to  have  a  very  few  turns  of  conductor  on  the  armature,  which 
would  be  of  large  section,  and  of  a  very  low  resistance,  consequently  the 
loss  of  E.M.F.,  due  to  the  resistance  of  the  armature  is  extremely  small, 
in  fact  almost  negligible,  therelbre  the  dynamo  only  need  be  shunt 
wound ;  but  in  an  ordinary  dynamo  for,  say,  200  lights,  which  it  was  his 
practice  to  run  at  a  speed  of  from  200  to  250  revolutions  per  minute 
when  coupled  direct  to  an  engine,  the  armature  resistance  must  neces- 
sarily be  somewhat  high,  therefore  the  drop  of  E.M.F.  between  open 
circuit  and  full  load  would  be  somewhat  considerable,  and  it  therefore 
became  necessary  to  keep  the  E.M.F.  constant  by  compound  winding  the 
machine.  Any  attempt  to  use  a  shunt  wound  machine  under  these 
circumstances  would  involve  considerable  adjustment  in  the  strength  of 
the  field  magnets,  by  means  of  resistance  coils,  to  keep  the  E.M.F.  at  the 
terminals  of  the  machine  constant,  and  therefore  he  did  not  think  that 
shunt  wound  machines  were  suitable  for  running  incandescent  lamps 
direct.  Mr.  Newitt  and  Mr.  Morrison  had  stated  that  a  current  density 
of  1,000  amperes  per  square  inch  section  of  copper  was  too  high  for  large 
conductors.  This  he  thoroughly  agreed  with,  and  if  they  would  read  his 
remarks  on  this  subject  they  would  find  that  he  gave  this  density  for 
cables  carrying  from  100  to  200  lamps  only.  As  far  as  heating  was 
concerned,  he  did  not  think  that  this  density  would  be  obji  iio  le  for 
cables  even  up  to  500  amperes  ;  but  the  great  point  to  be  cc  lered  in 
determining  the  current  density  in  a  cable  was  the  drop  of  po 
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the  lamps,  and  it  often  became  desirable  to  work  at  a  very  much  lower 
densitj,  in  order  to  prevent  a  great  variation  in  the  lamps  at  the  ends  of 
the  mains.  The  most  satiafactorj  current  density  tberefore  varied  ia 
almoat  every  case,  but  in  oriinary  installations  in  a  mill,  factory,  private 
house,  or  public  building,  where  the  cables  were  not  of  large  size,  ha 
thought  that  a  current  density  of  1,0(>0  amperes  per  square  inch  was  & 
very  satisfactory  rule  to  work  by,  and  if  this  denaity  was  not  exceeded 
there  would  be  no  trouble  from  heating  or  any  other  ewuse.  He  regretted 
that  lie  had  not  called  attention  to  the  accumulators  which  have  been 
recently  introduced  by  Meaars,  Crompton  &  Howell,  and  Messrs,  Drake 
&  (xorliam.  The  Crompton- Howell  cells  had,  he  believed,  been  used  with 
great  siicceas  by  MessrE.  Crompton  at  the  Enightebridge  and  other  central 
stations,  these  cells  being  capable  of  very  rapid  discharges,  but,  aa  far  as 
he  knew,  this  type  of  cell  had  not  been  used  much  by  outside  contrsctors. 
The  cell  which  Messrs.  Drake  &  Gorliain  liiid  just  introduced,  and  which 
was  manufactured  for  them  by  Messrs.  Jobnsou  &  Phillips,  had  only  beea 
in  the  market  for  a  very  short  time,  and  be  had  not  pei'sonally  had  any 
experienct!  with  them ;  but  as  they  were  designed  for  rapid  discharges,  he 
thouftht  there  would  be  a  lai-ge  field  for  them,  because  it  was  often 
desirable  to  discharge  a  set  of  accomiilators  iit  considenihly  over  their 
normal  capacity,  which  would  very  rapidly  spoil  the  old  type  of  cell,  as 
made  by  the  Electric  Construction  Corporation.  He  quite  agreed  with 
Mr.  Newitt  that  the  efficiency  of  high  tension  alternating  currents, 
qnoted  at  92  per  cent.,  was  rather  high,  but  this  efficiency  was  only 
intended  to  apply  to  the  system  when  working  at  full  load;  of  course 
when  working  at  light  load  there  would  be  a  considerable  loss  in  the 
transformers  themselves,  as  they  are  not  nearly  so  efficient  at  light  load 
as  they  are  at  full  load.  In  addition  to  this  the  generating  plant  would 
also  be  less  efficient,  so  that  the  average  efficiency  for  the  whole  system 
wonid  be  reduced.  The  same,  however,  applied  to  the  low  tension  system, 
because  this  system  on  light  load  would  show  a  falling  off  in  efficiency 
also.  He  was  in  no  way  a  partisan  of  either  system.  In  many  places 
where  the  lights  were  spread  over  a  large  area  it  would  be  impossible  to 
distribute  economically  on  anything  else  but  a  bigli  tension  system, 
whereas  in  closely  populated  districts,  where  the  houses  were  gi-ouped 
together,  and  a  lar^e  quantity  of  light  was  required  within  a  limited  area, 
there  was  no  doubt  that  the  low  tension  distribution  scheme  was  by  far 
the  most  economical, 

Replying  to  Mr.  Amiaon,  he  would  like  to  remark  that,  although  he 
had  a  decided  preference  for  the  double  wire  system,  yet  accidents  weru 
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just  as  likely  to  occur  in  an  installation  on  the  doable  wire  system  where 
the  workmanship  and  materials  were  bad.  He  was  sorry  that  he  had 
taken  so  long  in  replying,  but  he  hoped  that  someone  more  qualified  than 
himself  would  contribute  a  further  paper  which  would  be  more  scientific 
perhaps  than  his;  at  the  same  time  he  thought  it  best  to  commence  the 
subject  &om  the  beginning  in  as  practical  a  way  as  possible. 

The  Past-President  (Mr.  W.  T.  Doxford)  said  it  was  generally 
expected  that  the  individual  who  had  the  honour  of  presiding  at  the 
meeting  should  flay  something  on  the  subject  read  and  the  discussion. 
He  was  in  the  unfortunate  position  of  not  having  heard  the  paper  read, 
and  still  more  unfortunate  in  knowing  nothing  of  the  subject.  He  should 
like  to  express  his  regret — probably  shared  in  by  others  present — that 
they  had  not  had  the  pleasure  of  hearing  Professor  Garnett,  who  knew  a 
great  deal  about  the  subject  before  them.  It  was  expected  that  he  would 
have  been  present.  Mr.  Mountain  seemed  to  express  a  regret  that  there 
had  not  been  more  discussion  on  his  paper;  but  he  thought  that  was 
easily  accounted  for  by  the  subject  being  comparatively  new,  and  by  the 
want  of  extended  experience  with  electric  lighting  in  ships,  as  Mr.  Nichol 
had  pointed  out.  He  had  very  great  pleasure  in  moving  a  most  hearty 
vote  of  thanks  to  Mr.  Mountain  for  this  very  important  paper,  which  he 
trusted  they  would  receive  in  the  usual  way. 

The  vote  was  accorded  by  acclamation. 
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THE  UNSINKABILITY  OF  CARGO-CARRYING  VESSELS. 

[second  paper.] 


By  W.  HOK,  M.I.N.A. 


[Bbad  bbtobb  thb  iKSTiTTTnoK,  IN  SmmBBLAiTD,  APBiL  IOth,  1891.] 


In  a  previous  paper  by  the  writer  it  was  shown  that,  given  certain  con- 
ditions, the  number  of  bulkheads  provided  in  ships  classed  in  Lloyd's  is 
insufficient  to  keep  them  afloat  in  case  they  sustain  any  considerable 
damage  through  collision  or  other  causes.  These  conditions  for  unsink- 
ability^  for  natural  reasons  chosen  as  moderate  as  possible,  as  well  as  the 
method  of  investigation,  were  also  laid  before  the  members  for  criticism, 
with  the  result  that  the  latter  was  found  sufficiently  accurate  for  the  pur- 
pose, and  the  former  inclined,  if  anything,  towards  leniency. 

In  the  discussion  on  that  paper  it  was  further  pointed  out  that  it  would 
be  impracticable^  be  ruinous  to  trade,  and  increase  the  difficulties  of  the 
shipowner,  if  bulkheads  exceeding  in  number  the  present  requirements 
by  Lloyd's  had  to  be  fitted.  However,  during  the  course  of  this  paper, 
the  writer  will  endeavour  to  show  that  the  reasoning  that  underlies  these 
arguments  is  fallacious,  and  that  the  effect  of  proper  and  efficacious 
subdivision  will  be  the  very  reverse  to  what  is  generally  put  forward, 
and  that,  therefore,  this  change  from  bad  to  good,  if  it  be  ever  carried 
out,  will,  instead  of  ruin,  lead  to  a  general  increase  in  the  prosperity  of 
the  people. 

It  may  also  be  useful  before  the  commencement  of  the  investigation 
proper  to  enquire  into  the  real  reason  why  ships  are,  by  rule,  fitted  with 
bulkheads.    It  can  only  be  either — 

(1)  To  provide  safety, 

(2)  To  provide  strength,  or 
(8)  To  partition  cai^o  spaces. 

It  is  not  difficult  to  show  that  bulkheads  are  not  fitted  for  the 
purpose  of  providing  strength.     If  they  were  fitted  with  this  object  in 
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view,  they  would  neither  require  to  be  water-tight  nor  provided  with 
water-tight  doors,  and,  what  is  more  important,  it  would  be  iaiquitooB 
to  omit  them  in  sailing  vessels. 

Nor  are  they  pnt  there  as  simple  partitioDS,  as  in  such  a  case  they 
would  neither  require  to  be  water-tight  nor  of  the  stipulated  thicknesB  or 
strength, 

Henc«  it  follows  that  bnlkheadfl  are  primarily  fitted  for  the  purpose 
of  providing  safety  to  property  and  lives  at  sea. 

It  has  previously  been  shown  by  the  writer,  theoretically,  and  by  ships 
foundering  almost  daily,  with  considerable  loss  of  life,  practically,  that 
the  auMivision  of  ahips,  such  as  it  is,  is  insufficient,  and,  consequently, 
useless.' 

It  would  therefore  seem  a  reasonable  proposition  to  omit  the  bulk- 
heads (except  the  peaks)  altogether,  as  aueh  a  change  would  undoubtedly 
cheapen  ships,  and  place  a  number  of  people  connected  with  shipping  in 
a  better  position. 

But  no  one  will  admit  that  such  a  retrograde  step  is  desirable,  as  it 
would  place  those  for  whose  benefit  shipe  should  be  subdivided  in  a  woree 
position  than  they  are  at  present. 

WTiy  should,  then,  cai^o-carrying  vessels  be  properly  subdivided  and 
made  practically  unsiukable  ? 

In  order  to  provide  protection  for  those  beings  who  earn  their  living 
on  the  seas  and  those  immediately  dependent  on  them. 

This  reason,  in  conjunction  with  the  proved  fact  that  the  present 
subdivision  is  inadequate,  appears  to  the  writer  to  be  of  sufficient  weight 
to  warrant  an  exhaustive  enquiry  into  the  possibility  of  so  subdividing 
ships  as  to  mate  them  unsiukable,  the  best  mode  of  effecting  this  sub- 
division, and,  if  it  is  found  possible  to  efficiently  subdivide  ships,  what 
is  the  least  nnmbei  of  bulkheads  required  in  ships  of  different  forms,  sizes, 
and  types. 

The  carrying  ont  of  this  enquiry,  the  explanation  of  the  method  of 
investigation  employed,  explanatioa  sufficiently  lucid  and  complete 
to  enable  others  to  grasp  the  method  and  use  it,  as  well  as  hinting  at  the 
probable  consequences  of,  and  the  best  means  for  effecting,  in  the  face  of 
opposition,  this  much  needed  change  in  the  present  mode  of  subdividing 
cargo-carrying  vessels  foim  the  subject-matter  of  the  present  paper. 

It  will  not  be  denied  that  it  is  possible  to  so  subdivide  ships  us  to 
make  them  ansinkable,  so  the  writer  will  at  once  enquire  into  tlie  best 
way  of  effecting  subdivision. 
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MODES  OF  SUBDIVISION. 

There  are,  then,  three  diflPerent  ways,  either  by  means  of : — 

(1)  Transverse  bulkheads, 

(2)  Transvei^  aad  a  longitudinal  centre  bulkhead, 

(3)  Horizontal  flats  and  water-tight  trunks, 
or  a  combination  of  these  three  difierent  methods. 

A  complete  review  of  the  various  advantages  of  the  different  modes  of 
subdividing  would  make  the  paper  of  undesirable  length.  The  writer 
will  therefore  state  at  the  outset  that  he  advocates  the  sole  use  of  the 
transverse  mode  of  subdivision,  and  will  attempt,  as  briefly  as  possible, 
to  give  sufficient  reasons  for  this  partiality  : — 

(1)  Horizontal  flats  will  be  rendered  useless  in  most  collisions  on 

account  of  their  extending  to  the  side  of  the  ship  at  all  points 
of  their  length.    Their  use  must  therefore  be  condemned. 

(2)  A  centre  longitudinal  bulkhead  is  objectionable,  because  it  necessi- 

tates simultaneous  and  very  close  transverse  subdivision  in 

order  to  minimise  the  list  the  ship  would  take  in  case  water 

was  admitted.   Even  if  that  list  could  be  reduced  by  some  other 

means,  the  longitudinal  bulkhead  would  require  transverse 

bulkheads  and  intermediate  webs  as  support  in  order  to  resist 

the  water  pressure  that  would  be  brought  to  bear  on  it  in 

case  of  collision. 

It  has  been  suggested,  in  defence  of  the  longitudinal  bulkhead,  that 

the  list  can  be  disposed  of  by  admitting  water  into  another  compartment 

at  opposite  side  and  end,  but  the  writer  doubts  very  much  the  advisability 

of  such  a  course,  as  it  would  clearly  be  a  case  of  experimenting  with 

untested  bulkheads  at  sea  ;  and  he  even  believes  that  the  courage  required 

for  carrying  out  this  risky  experiment  would  be  found  wanting  in  the 

hour  of  need.     So  therefore,  in  most  cases,  the  list  would  remain,  with  all 

the  possibly  fatal  consequences  of  cargoes  shifting,  causing  the  ship 

gradually  to  turn  over  ;  and  for  this  reason,  as  well  as  for  the  reason  that 

it  is  preferable  to  have  twice  as  much  alteration  in  trim  to  list  and 

alteration  of  trim  combined,  the  use  of  the  centre  longitudinal  bulkhead 

in  cargo  steamers  must  be  condemned. 

Subdivision  with  transverse  bulkheads  offers,   then,   the   following 
advantages : — 

(1)  Less  hindrance  to  stowage. 

(2)  Strengthens  the  ship  transversely. 

(3)  Causes  no  list  when  water  is  admitted. 
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(4)  Can  be  made  of  sufficient  strength,  at  less  cost,  than  any  other 

kind  of  subdivision. 

(5)  And  is  almost  invulnerable  in  case  of  collision. 

It  is  true  that  a  ship  may  be  struck  on  one  of  her  bulkheads,  but  the 
chance  of  this  happening  is  indeed  very  remote,  as  far  as  the  writer  can 
see,  especially  in  large  ships ;  and  although  the  chance  of  the  bulkheads 
being  struck  will  always  lower  the  value  of  transverse  subdivision,  based 
on  the  assumption  that  such  fatal  blows  will  never  be  dealt,  yet  the 
fewness,  or  perhaps  the  total  absence,  of  such  occurrences  justifies  the 
assumption  on  which  this  investigation  is  based,  that  the  transverse 
bulkhead  is  practically  invulnerable  in  case  of  collision. 

STRENGTH  AND  WATER-TIGHTNESS  OF  BULKHEADS. 

There  is  reason  to  believe  that,  with  the  exception  of  the  peak  bulk- 
heads, no  bulkheads  are  perfectly  water-tight  in  most  shipb.  This  subject, 
how  to  ensure  water-tightness,  as  well  as  sufficient  streugLh  of  bulkheads, 
and  the  advisability  of  fitting  what  is  ttirmed  water-tight  doors  should  be 
enquired  into :  the  writer  regrets  that  on  account  of  the  length  of  the 
paper  he  is  here  unable  to  discuss  these  most  important  points. 

THE  CONDITIONS  FOR  UNSINKABILITY. 

The  writer  will  now  revert  to  the  conditions  for  unsinkability;  and  he 
proposes  for  cargo-carrying  vessels  with  one  of  the  principal  compart- 
nients  in  fi'ee  communication  with  the  sea  : — 

(1)  The  draught  forward  must  not  exceed  OG  percent,  of  tlie  moulded 

depth  to  the  bulkhead -deck  plus  one-half  of  the  sheer  f(»r\vanl. 

(2)  The  draught  at  the  middle  of  the  length  must  not  exceed  08  per 

cent,  of  the  moulded  depth  to  the  bulkhead-deck. 

(3)  Tiie  draught  aft  must  not  exced  07  per  cent,  of  the  moulded 

depth  to  the  bulkhead-deck  plus  one-half  of  the  sheer  aft, 
for  an  admission  of  40  per  cent,  of  water  in  the  cargo  spaces  and  70  per 
cent,  in  the  engine  and  boiler  room. 

It  will  be  seen  that  the  maximum  draughts  forward  and  aft  differ 
slightly  from  those  used  in  the  previous  paper.  Howevi^r,  thiy  are 
practically  identical;  but  it  was  found  wlien  the  influence  of  sheer  was 
investigated,  that  it  was  not  only  more  correct  but  uuieh  simi)ler  to 
formulate  the  conditions  as  shown  above. 

It  will  also  be  seen  that  the  writer  has  trusted  to  the  invulnerability 
of  the  bulkheads,  and  made  the  assumption  that  the  effect  of  tlie  danKU'c 
through  collision  is  the  free  admission  of  water  into  only  (///.r' compart- 
ment. 
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It  will  be  said  with  truth  that  this  is  insuflScient  for  absolute  safety. 

But  the  question  arises,  should  cargo-carrying  vessels  be  made 
absolutely  unsinkable  ?  or  should  they  be  a  compromise  between  perfectly 
subdivided  passenger  steamers  and  ordinary  vessels  which  have  not  even  a 
ghost  of  a  chance  in  case  of  collision  ?  And  the  writer  is  inclined  to  think 
that  to  make  cargo-carrying  vessels,  owing  to  the  peculiar  nature  of  their 
requirements,  a  compromise,  and  to  trust  to  the  invulnerability  of  the 
bulkheads,  at  least  until  experience  proves  otherwise,  is  the  right  way  of 
solving  the  problem  in  hand. 

And  it  must  be  admitted  even  by  the  most  fastidious,  and  it  is 
moreover  borne  out  by  experience,  that  the  subdivision  that  fulfils  the 
conditions  for  unsinkability  previously  laid  down,  would  undeniably 
reduce  to  a  very  g:reat  extent  losses  of  life  and  property  at  sea,  and  would, 
therefore,  be  a  great  improvement  on  the  present  insufficient  requirements 
of  the  register  societies.  It  would,  in  addition,  have  the  good  effect  of 
placing  all  cargo  vessels  on  equal  footing  with  regard  to  safety,  which  in 
itself  would  be  an  improvement  on  the  existing  state  of  things,  as  it  can 
not  be  just  that  some  vessels  should  be  safer  than  other  vessels,  and  yet 
derive  therefrom  no  special  advantage. 

And  then,  with  the  frank  admission  that  the  subdivision  the  writer 
will  presently  propose,  and  which  is  based  on  the  conditions  for  un- 
sinkability previously  laid  down,  must  rather  be  considered  as  the 
minimum  subdivision  required,  due  to  the  leniency  of  these  conditions, 
than  providing  absolute  safety  under  any  circumstances  for  vessels  built 
for  general  trading  purposes,  the  investigation  proper  will  be  entered 
upon. 

EXTENT  OF  THE  INVESTIGATION. 

Types  of  vessels. — In  order  to  make  the  investigation  complete,  and 
to  show  the  amount  of  subdivision  required,  and  also  the  difference  in 
the  requirements  for  ships  of  diffei'ent  types,  the  following  standard  types 
are  selected . — 

(1)  One,  two,  and  three-deck  vessels  without  erections. 

(2)  Vessels  with  erections  consisting  of  poop,  bridge,  and  forecastle, 

the  total  covering  '5  of  the  length  of  the  vessel. 

(3)  Vessels  with  erections  consisting  of  raised  quarter-deck  connected 

with  bridge,  and  forecastle,  the  total  covering  "7  of  the  length 
of  the  vessel  (raised  quarter-deck  assumed  4  feet  in  height). 
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(4)  Veasela  with  erecbiong  consisting  of  poop  connected  with  bridge, 

and  forecastle,,  the  total  covering  7  of  the  length  of  the  vessel. 

(5)  Vessels  with  erections  consisting  of  raised  quarter-deck  connected 

with  bridge,  and  forecastle,  tiie  total  covering  '9  of  the  length 
of  the  vessel. 

(6)  Vessels  with  erections  consisting  of  poop  connected  with  bridge, 

and  forecastle,  the  total  covering  '9  of  the  length  of  the  vessel, 

(7)  Awning-deck  vessels  with  the  bnlkheada  carried  to  the  main-deck 

aa  per  Lloyd's  rales. 

(8)  Awning-deck  vcHsels  with  the  bulkheads  carried  to  the  awning- 

deck. 

(9)  Spar-deck  vessels. 
(10)  Sailing  vessels, 

Finenets  and  proportion^'. — All  these  differeot  types,  with  the  eicep- 
tion  of  the  sailing  vessel,  have  been  tried  for  two  different  hnenesses, 
■70  and  ■79  (block  crjeflicient  of  displacement),  two  different  proportions, 
12  and  15  depths  in  length,  and  two  different  sheers,  the  normal  sheer, 
as  per  the  freeboard  tables,  and  this  sheer  increased  by  50  per  cent. 

On  the  other  hand,  the  sailing  vessel  has  only  been  tried  for  one 
fineness,  -70,  but  two  proportions,  10  and  13  depths  in  length,  and  also 
two  sheers,  the  normal,  and  this  sheer  increased  50  per  cent. 

Dnnights  of  Vessels. — The  draughts  at  which  the  vessels  ai'e  tested  are 
their  maxitunm  drangbts  under  ordinary  conditions,  these  being  Lloyd's 
SDnimer  load  draughts ;  and  it  will  thei'efore  be  understood  that  the 
mimmnm  subdivision  required  only  applies  to  ships  when  loaded  bo 
Lloyd's  summer  freeboards. 

Lenglht  of  vessels. — The  lengths  over  wluch  the  investigation  ranges 
is  160  to  420  feet,  with  the  exception  of  the  spar-deck  vessel,  due  to  the 
incompleteness  of  the  freeboard  tables,  the  lower  limit  of  length  for 
which  is,  on  this  account,  fixed  to  240  feet. 

.  With  regard  to  these  limits  of  length,  it  was  not  found  necessary  to 
prosecute  the  investigation  for  longer  ^ips,  as,  practically  speaking,  in 
DO  case  are  more  bulkheads  reqnired  for  vessels  above  this  length  than 
presently  prescribed  by  Lloyd's. 

There  were  two  reasons  for  fixing  the  lower  limit  to  160  feet :  one  was 
again  the  impossibility  of  ascertaining  the  exact  freeboard  for  some  other 
of  the  types ;  the  other,  the  improbability  of  solving,  in  a  practical  way, 
the  problem  of  subdivision  for  some  types  of  smaller  vessels  when  loaded 
to  their  present  allowance  of  freeboard. 
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ASSUMPTIONS  WITH  REGARD  TO  THE  VESSELS. 

Peak  htdhheads  and  engine  and  boiler  compartment. — To  fix  the 
minimam  number  of  bulkheads  required^  it  is  necessary  to  assume  the 
position  of  the  peak  bulkheads,  and  the  length  and  position  of  the  engine 
and  boiler  compartment. 

The  former  are  placed  in  the  same  position  as  in  the  previous  paper 
(see  that  paper,  and  also  Table  XY.,  page  851)  ;  and  the  length  of  the 
latter  is  identical  to  what  was  preyiously  considered  a  fair  length  for  the 
average  steamer,  being  : — 

For  vessels  under  880  feet,  ~  -f  15  feet, 

„         over  880  feet,  t^  +  25  feet, 

if  L  is  the  length  of  the  vessel,  but  its  centre  is,  in  this  investigation, 
placed  at  the  middle  of  the  length  of  the  vessel. 

Sheer. — The  sheer  forward  is,  as  before,  assumed  to  be  f ,  and  the 
sheer  aft  f  of  the  mean  sheer,  or  the  sheer  aft  is  ^  the  sheer  forward. 

Trim. — The  trim  of  the  vessel  at  the  time  of  the  accident  is  assumed 
to  be  on  level  keel. 

These  are  all  the  assumptions  necessary  for  fixing  the  minimum  num- 
ber of  bulkheads,  and  also,  in  a  genei*al  way,  their  position ;  and  as  these 
assumptions  were  not  found  unreasonable  in  the  previous  paper,  the 
writer  does  not  fear  that  they  will  here  invalidate  his  general  conclusions. 


RESULTS  OF  THE  INVESTIGATION. 

The  results  of  the  investigation  are  now  found  in  Tables  XIV.,  XV., 
XVI.,  and  XVII.,  pages  849-854.  The  figures  these  tables  contain 
were  lifted  direct  from  a  great  number  of  diagrams,  one  of  which  is 
Diagram  VIII.,  Plate  XLVII.,  inserted  as  a  sample.  These  diagrams 
give,  for  lengths  of  vessels  from  160  to  420  feet,  the  positions  from  the 
after  perpendicular  of  the  various  bulkheads,  whereas  the  tables  only 
give  these  positions  at  intervals  oi'  20  feet  of  length  of  vessel.  In  some 
respects  it  would  have  been  an  improvement  to  have  had  these  diagrams 
published,  as  necessarily  a  great  many  points,  obscured  in  a  table,  would 
be  clearly  discernible  on  a  diagram,  but  it  was  found  impossible  to  make 
sufficient  distinction  between  the  great  number  of  curves  drawn  on  each 
diagram  when  printed  in  one  or  two  colours  only,  and  they  were,  there- 
fore, omitted.  However,  it  is  an  easy  matter  to  find  from  the  tables  what 
is  required  by  means  of  interpolation. 
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SUBDIVISION  OP  VESSELS. 

Table  XIV.,  p^e  349  then  shows  the  Dumber  of  intennediate  bnUc- 
beatU  reqaired  for  differeot  lengths  of  veaaelfl  of  the  varions  typea 
considered. 

There  are  eight  colnmns  piving  the  lengths  of  vessels,  one  for  every 
combiuation  possible  between  the  two  selected  finent-asee,  proportions,  and 
sheers  ;  and  two  colonms  giving  the  number  of  intermediate  bulkheads 
required.  It  will  be  understood  in  interpreting  these  tables  that  the 
namber  of  bulkheads  there  given  do  not  include  the  four  fundamental 
bulkheadsinsteamers,  I.e..  the  fore  and  aHur-poaks, nnd  the  two  bulkheads 
forming  the  boundariea  of  the  engine  and  boiler  compartment,  and  that, 
therefore,  in  order  to  obtain  the  liill  number,  add  foor  for  steamers  and 
two  for  sailing  vessels  to  the  number  given  in  the  tables. 

The  most  important  fact  established  by  this  table  is  this — that  the 
minimum  subdivision  required  in  any  steamer  is  one  intermediate 
bulkhead  forward  and  one  aft.  It  also  indicates,  what  will  nndonbtcdly 
be  as  interesting,  the  maxiroum  Bubdivision  required  in  any  vessel  within 
the  range  examined,  this  being  in  small  awning-deck  steamers  with  their 
bnlkheada  carried  to  the  main-deck,  namely,  three  intermediate  bulk- 
heads aft,  two  forward,  and  two  in  the  engine  and  boiler  space. 

If  this  table  is  further  studied,  it  will  be  seen  that — 

(1)  Spar-deck  Steamers  are  the  ateamere  that  require  theminimnm 

snbdiviaion  jnst  mentioned,  namely,  one  bulkhead  aft  and  one 
forward,  no  matter  what  size  they  may  be. 
The  maximnm  ntimber  of  intermediate  bulkheads  required  by — 

(2)  One,  Two,  ob  Three-dbck  Steamers  without  Ebections, 

is,  two  aft  and  one  forward,  and  one  divisional  in  the  engine 
and  boiler  space. 

(3)  Steambes  with  Poop,  Bridge,  and  Forecastle,  is,  two  aft, 

two  forward,  and  one  in  the  engine  and  Ixiiler  space. 

(4)  Stbahbhs  with  Poop  conmected  with  Short  Bridqe  is,  two 

afl,  two  forward,  and  two  in  the  engine  and  boiler  space. 

(5)  Raised  Qoartee-deck  Steamers  with  Short  Bridge,  is, 

one  aft,  two  forward,  and  two  in  the  engine  and  boiler  space. 
(G)  Steamers  with  Poop  connected  with  Long  Bbisgg,  three 

aft,  two  forward,  and  two  in  the  engine  and  boiler  space. 
(7)  Raised  Quabteb-decs   Steamers  with  Long   Beidoe,  one 

aft,  two  forward,  and  two  in  the  engine  and  boiler  space. 


n 


THE  UNSINKABILITY  OP  CARGO-CARRYING  VESSELS.  843 

(8)  AwNiNG-DBOK  STEAMERS,  three  aft,  two  forward,  and  two  in  the 

engine  and  boiler  space ;  and 

(9)  Sailing  Vessels,  a  total  of  three  intermediate  bulkheads. 

It  also  shows  that  the  minimum  subdivision  for  every  type  is  one 
bulkhead  aft  and  one  forward  for  steamers  and  twd  intermediate  for 
sailing  vessels. 

It  may  perhaps  be  instructive  to  here  introduce  a  few  statistics  in  con- 
nection with  this  matter.  Lloyd's  Register  for  last  year  shows  that  only 
6*5  per  cent,  of  the  total  number  of  vessels  on  their  books  are  provided 
with  six  or  more  bulkheads,  or,  if  wood  and  sailing  vessels  are  excluded, 
that  only  12*5  per  cent,  of  all  iron  and  steel  steamers  are  so  provided.  It 
does  not,  however,  follow  that  all  these  vessels  fulfil  the  conditions  for 
unsinkability,  as  they  were  picked  out  irrespective  of  type,  etc. :  the 
figures  merely  indicate  the  maximum  percentage  of  vessels  in  Lloyd's 
Register  Book  that  may  possibly  be  unsinkable. 

Table  XIV.,  page  349  shows  further  that  by  extending  the  aftermost 
engine  and  boiler  room  bulkhead,  and  those  in  the  after-hold,  to  the  poop 
deck  in  steamers  with  long  poop,  these  steamers  will  not  require  more  bulk- 
heads than  the  raised  quarter-deck  steamers,  or  by  increasing  the  height  of 
the  bulkheads,  as  much  as  two  intermediate  bulkheads  aft  may  be  done  away 
with  without  endangering  the  ship's  safety  ;  by  extending  all  the  bulk- 
heads in  the  awning-deck  steamer  to  the  awning-deck,  only  one  bulkhead 
aft  and  one  forward  are  required,  thus  here,  by  a  simple  extension,  doing 
away,  in  the  worat  case,  with  as  many  as  two  bulkheads  aft,  one  bulkhead 
forward,  and  two  in  the  engine  and  boiler  space,  or  as  many  as  five 
bulkheads. 

The  writer  must  here  repeat  that  the  number  of  intermediate 
bulkheads  given  in  the  table  is  based  on  the  supposition  that  the 
engine  and  boiler  compartment  is  in  the  centre.  It  is,  however, 
possible  in  some  cases,  when  the  length  of  the  ship  approaches  the 
upper  limits  of  length  for  a  certain  subdivision,  to  so  place  the  engine 
and  boiler  compartment  either  by  shifting  it  aft  or  forward,  as  the  case 
may  be,  as  to  reduce  the  number  of  intermediate  bulkheads  by  one,  but 
no  more ;  but  it  was  found  a  hopeless  task  to  frame  any  general  rule  for 
this  alternative. 

By  glancing  further  at  Table  XIV.,  it  is  seen  that,  supposing  all  the 
bulkheads  extended  to  the  same  deck,  and  if  the  number  required  aft  and 
forward  is  unequal,  the  extra  bulkhead  is  always  required  aft.  This  is 
due  to  the  sheer  being  considerably  less  aft  than  forward  in  ordinary 
yeaaels  ;  and  this  occurrence  points,  therefore,  forcibly  to  the  fact  that  the 
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a  ships  Btaods  urgently  to  ueed  of 


now  fashionable  distribntion  of  sheer  ii 
revision. 

It  will  also  lie  noticed,  what  will  appear  eitraordinary  to  a  great 
manj,  that  the  smaller  the  ship  of  a  given  tjpe  is,  the  more  bulkheads 
Bbe  i-equii-ea,  or  conversely,  the  bigger  she  is,  the  smaller  is  the  Dumber 
she  requires.  This  ia  really  contrary  to  all  practice,  aud  contrary  to  the 
rule*  uT  all  classification  s-jcietit-s,  but  is,  nevertlieless,  correct ;  and  the 
writer  believca  that  he  will  have  little  difficulty  in  dispelling  the  old  and 
erroneous  notion  that  big  ships  require,  i-cUtively  spealoDg,  more  minate 
Bubdi  vision  than  small  ones.  As,  however,  the  proof  needed  for  throwing 
over  this  erroneous  notitm  involves  a  discussion  of  the  formnlie  proposed 
for  this  kind  of  work,  it  will  ho  given  in  its  completeness  in  an  Appendix 
(see  Appendix  A)  ;  and  the  writer  will  therefore  merely  state  his  ciise 
here  in  a  superficial  way. 

The  reason,  then,  why  large  ships,  say  of  equal  fineness,  sheer,  and 
profiortions,  require  a  smaller  number  of  bulkheads  than  small  ones  is  dne 
to  the  fact  that  tlie  number  of  bulkheads  required  is  entirely  iudependent 
of  uh»o!ute  size,  and  dei>enda  solely  on  the  draught  in  reiaiion  to  depth. 

Therefore  any  change  that  tends  to  decrease  the  dmught  in  relation 
to  depth  will  reduce  the  number  of  bnlkbeiids  required.  The  freeboai'da 
of  vessels  furnish  such  a  change.  It  is  a  well-known  fact,  altliough  a  very 
strauge  ouo,  thtit,  as  ships  increase  in  size,  the  i-atio  of  load  draught  to 
dei'th  dij(.Ti.MN/s;  ronsiiiucndy  k  follows  dirctjtly  tlnU  with  incrcasu  of  size 
there  is  a  corresponding  reduction  in  the  number  of  bulkheads  required. 

The  engine  and  boikr  space. — With  regard  to  this  space,  it  will 
be  noticed  that  some  ships  require  one  divisional  bulkhead  in  the  engine 
and  boiler  space.  The  writer  will  pass  over  these  ships,  as  it  is  possible, 
without  great  inconvenience,  to  so  subdivide  this  space,  and  turn  his 
attention  at  once  to  other  ships  for  which  one  subdivision  there  is 
insufficient. 

No  one  will  deny  that  there  are  inaurmountable  obstacles  in  the  way 
of  having  two  subdivisions  in  the  engine  and  boiler  space  in  ordinary 
cargo-carrying  vessels,  and  therefore  the  question  of  subdividing  this 
space  in  some  small  steamers  merits  special  attention. 

The  table  shows  that  these  steamers  are  small  awning-deck  steamers 
with  bulkheads  to  the  main-deck,  and  small  steamers  with  erections 
covering  '9  and  ■?  length  of  vessel  respectively.  The  difficulty  ivith  the 
awning-deck  steamer  ia  easily  overcome  by  caiTying  all  her  bulkheads  to 
the  upper-deck,  when  she  would  require  no  subdivision  at  all  in  the  engine 
and  boiler  space. 
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Small  steamers  with  erections  covering  '9  length  may  possibly  do 
away  with  the  second  divisional  bulkhead  by  carrying  the  engine  and 
boiler  room  bulkheads  up  to  the  bridge-deck,  so  the  difficulty  arises  in 
connection  with  the  steamers  having  erections  covering  only  '7  length. 
If  in  these  steamers  the  same  means  were  resorted  to  as  proposed  in  the 
previous  type  they  would  hardly  be  left  with  sufficient  freeboard  in  front 
of  bridge  in  case  of  damage  to  their  engine  and  boiler  compartment.  So 
this  point  brings  to  light  the  fact  that  the  difficulty  of  providing  adequate 
subdivision  in  the  engine  and  boiler  space  in  some  cargo-carrying  vessels 
puts  a  limit  to  the  draught  to  which  ships  should  be  loaded.  This  limit 
for  draught  at  which  one  subdivision  in  the  engine  and  boiler  space  ceases 
to  be  sufficient  is  at  a  draught  equal  to  92  per  cent,  of  the  depth ;  and 
as  some  smaller  ships  of  a  few  types  are  allowed  to  load  to  a  deeper 
draught,  this  fact  merits  consideration  at  the  next  revision  of  the  free- 
board tables. 

Finally,  Table  XIV.,  page  349  shows  indirectly  the  influence  of  fine- 
ness, proportions,  and  sheer  on  the  number  of  the  bulkheads.  It  will  be 
noticed*  that,  although  that  influence  causes  an  alteration  in  the  posi- 
tion rather  than  a  decrease  in  the  number  of  bulkheads,  it  is  not  impossible 
to  so  choose  the  dimensions  and  form  of  the  ship  as  to  reduce  the 
number  of  bulkheads  required  by  one  and,  in  some  instances,  by  two. 

Table  XV.,  page  351  gives  the  absolute  positions,  reckoned  from  the 
after  perpendicular,  of  the  bulkheads,  and  the  maximum  lengths  of  the 
engine  and  boiler  compartment  of  a  standard  vessel  of  '700  in  fineness,  12 
depths  in  length,  and  normal  sheer,  and  of  varying  lengths  from  160  to  420 
feet.  It  will  be  understood  that  these  distances  are  maximum  distances 
for  the  bulkheads  in  the  after-hold,  and  minimum  distances  for  those  in 
the  fore-hold,  and  that  therefore  the  after  bulkheads  can  be  shifted 
further  aft,  and  the  fore  ones  further  forward,  without  any  harm 
being  done ;  but  if  this  shifting  of  bulkheads  is  resorted  to  no  hold 
must  be  made  longer  than  shown  by  Table  XV.  for  the  bulkheads  in 
their  maximum  and  minimum  positions  respectively. 

Table  XVI.,  page  353,  gives  the  distances  in  feet  which  the  bulkheads 
must  be  shifted,  either  forward  or  aft,  from  the  positions  indicated  in 
Table  XV.,  and  the  amount  by  which  the  engine  and  boiler  space  can  be 
lengthened  or  shortened,  for  vessels  15  depths  in  length. 

Table  XVII.,  page  354,  gives  in  percentage  of  the  length  of  the  vessel 
how  much  the  bulkheads  must  be  shifted  forward  or  affc,  as  the  case  may 
be,  and  how  much  the  engine  and  boiler  space  can  be  lengthened  or 
shortened  by  altering  the  fineness  to  79,  by  adding  50  per  cent,  more 
sheer,  or  by  a  combination  of  both. 
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In  these  Tables  (XVI.  and  XVII.)  the  poaitivb  sign  indicates  that  the 
hold  biilkhuads  ruiiat  be  shifted  I'orwurd,  thus  indicatiag  iinprorement  aft 
and  change  for  the  woree  forward,  imd  that  the  engioe  and  boiler  room 
can  be  lengthened,  thus  here  indicating  improvement  too. 

The  negative  sign,  of  conrae.  indicates  these  conditions  reversed. 

It  is  therefore  possible,  by  means  of  these  Tables,  to  ascertain  the  exact 
[Kiaitioua  of  the  bnlkhcads,  and  the  exact  length  of  the  engine  aod  boiler- 
riiom,  so  as  to  preserve  the  conditions  for  unsinkability,  for  any  steam 
vessel  between  -70  and  ■79  in  fineness,  between  12  and  15  depths  in 
length,  and  provided  with  a  sheer  between  the  normal  and  an  increase  of 
60  per  cent.  How  thia  interpolation  is  esecnted  will  be  shown  in  Appeii- 
dis  B.  Here  will  only  be  mentioned  the  moat  general  effects  of  a  change 
ill  the  fineness,  proportions,  or  sheer. 

These  Tables  (XIV.,  XVI.,  and  XVII.)  then  show  that  fulness  of  form 
is  detrimental  to  UDSiiikability  in  the  case  of  the  end  couipartments,  bnt 
udviUiUigoi'us  in  the  case  of  the  centre  compartment. 

Tliat  increase  of  length  in  relation  to  depth  has  the  effect  of  slightly 
improving  small  ships  und  making  big  ships  worse,  bat  to  a  different 
degree  in  different  types,  dependent  on  draught,  and  Lhe  inflnence  of 
sliecr  on  draught.    (This  snbjeut  was  discussed  in  the  previous  paper.) 

That  inureaxe  of  sticer  has  k  most  beneficial  effect  on  the  end  com- 
partments, tlie  degree,  however,  being  dependent  of  the  inflnence  of  sheer 
on  the  fri'iln'iird.  iiciiii:  ;rrcatost.  in  spar  :iiiii  iuvning-dcek  vessels  and 
smallest  in  one,  two,  and  three-decked  vessels  without  erections,  and  a 
detrimental  effect  on  the  engine  and  boiler  compartment,  except  for  spar 
and  awning-deck  steamers  where  the  eficct  is  none. 

This  is,  in  brief,  the  complete  investigation.  But  it  is  perhaps 
advisable  to  give  a  risumi  of  the  principal  alterations  proposed,  and 
generally  enumerate  the  changes  that  would  improve  the  safety  of  life 
and  property  at  sea. 

(1)  Maximum  freeboard,  -92  depth. 

(2)  Uore  sheer,  especially  aft. 
(8)  Extending  the  bulkheads — 

(aj  In  awning-deck  veasels  to  the  awning-deck. 

(bj  In  steamers  with  poop  connected  with  long  bridge,  aft, 
and  engine  and  boiler  room  bulkheads,  to  the  poop- 
deck. 

(c)  In  steamers  with  poop  connected  with  short  bridge,  aft, 
and  Kftermost  engine  and  boiler  room  bulkhead,  to 
the  poop-deck. 
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(4)  One  subdivision  in  the  engine  and  boiler  room  when  required. 

(5)  One  intennediate  bulkhead  aft  and  one  forward  for  all  lengths. 

(6)  Three  intermediate  bulkheads  in  small  and  two  in  large  sailing 

vessels. 

(7)  Shifting  the  fore-peak  bulkhead  further  aft  in  most  types  when 

the  foremost  cargo  space  is  not  required  for  cargo  purposes. 

(8)  Testing  the  peak  bulkheads  to  the  upper-deck. 

From  what  has  been  previously  shown  with  regard  to  the  requirements 
for  unsinkability,  it  is  impossible  to  deny  that  the  alterations  just  proposed 
would^  if  not  totally,  yet  to  a  very  great  extent,  increase  the  safety  at  sea. 
It  would,  moreover,  do  so  without  hampering  the  shipowner  or  interfering 
with  stowage. 

Even  fitting  the  number  of  bulkheads  proposed  in  sailing  vessels 
cannot  materially  interfere  with  the  prosperity  of  the  owners;  and, 
whether  it  does  or  not,  the  &ct  remains  that  sailing  vessels  without 
bulkheads  are  a  disgrace,  especially  as  these  totally  unprotected  vessels  are 
permitted,  and  sometimes  carry  hundreds  of  lives  from  one  part  of  the 
world  to  another  ;  and  the  announcement  made  by  the  Inspector-General 
of  Bureau  Veritas,  M.  Piaud,  in  the  discussion  on  the  previous  paper,  that 
a  special  mark  is  in  the  future  to  be  given  to  sailing  vessels  provided  with 
bulkheads  must  therefore  be  hailed  with  the  utmost  satisfaction. 

These  less  objectionable  features  being  carried  out,  i^  only  remains  to 
consider  if  the  further  subdivision  required  in  some  cases,  which  sub- 
division, in  fact,  merely  consists  of  an  additional  bulkhead  aft  or  forward, 
or  both  at  the  most,  in  order  to  make  ships  practically  unsinkable,  would, 
indeed,  damage  the  owners'  interest  to  such  an  extent  as  to  cause  ruin  if 
carried  out. 

This  problem  will  be  best  solved  by  answering  the  following 
questions : — 

(1)  What  advantage  would  be  derived  from  the  proposed  change  in 

the  subdivision  of  ships  ? 
If  introduced : 

(2)  Who  would  suflFer  by  this  change  ? 
(8)  And  who  would  benefit  by  it  ? 

The  first  question  has  been  answered  over  and  over  again  during  the 
course  of  the  paper,  namely,  that  proper  subdivision  will  increase  the 
safety  of  life  and  property  at  sea.  Hence  it  follows  directly  that  the 
vessels,  cargoes,  and  freights  can  be  insured  at  a  much  lower  i*ate  than  at 
present. 
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Who  would  BuSer  by  this  change  F 

(1)  'I'/t/i  uruhrwriters  arid  insuratice  companien,  ou  account  of  reduced 


^ 


(2)  The  shipbidlflfr,  on  account  of  fewer  Iosbcb.  and,  consefincntlj, 

fewer  ahipe  to  replace. 
Who  would  then  benefit  by  this  change  ? 

(1)  Th«  shipowner,  by  the  reduction  of  the  exorbitant  rates  of  inanr- 

ance  now  annually  paid  for  ehipB  and  freights,  which  redac- 
tion should  be  greatJy  in  ssccbb  of  the  interest  on  the 
amoont  involved  in  the  extra  cost  of  Bhip. 

(2)  The  m»T(}iant,  by  reduction  of  the  insurance  on  the  cargo, 

(8)  Thepeoph  m  general,  by  the  merchant  being  able  to  sell  cheaper 
on  aoconut  of  reduction  in  the  insurance. 

And  laat,  but  not  least, 

(4)  The  geafaring  men,  and  those  immediately  dependent  on  them. 

Thus  it  is  suggested  that  the  two  parties  principally  concerned,  the 
Bailor  and  the  shipowner,  would  both  benefit  by  the  introduction  of  this 
proposed  change,  the  sailors  nnconditioually,  but  the  shipowner  only  on 
the  condition  tliat  the  insurance  of  ships  and  freights  was  reduced. 

Under  these  circumstances  the  qncBtion  arises,  which  would  be  the 
best  way  of  effecting  this  much  needed  change  ? 

Undoubtedly  by  inducing  the  underwriters  and  insurance  companies  to 
lower  the  rates  of  insurance  for  unsinktible  ships.  This  i>;.iiKkcd,  the  key  to 
the  whole  question.  If  that  was  fonnd  impossible,  an  insurance  company 
should  be  formed  that  insured  nnsinkable  ships  at  greatly  reduced  rates. 

Then  the  writer  believes  that  the  shipowner,  seeing  the  advantages 
offered  him,  would  reconsider  his  present  notions  with  regard  to  the 
ruinous  consequences  of  efficient  subdivision,  and  thereby  obviate  the 
necessity  for  those  laws  that  are  now  under  consideration  for  the  protec- 
tion of  human  life  at  sea. 

In  conclusion,  although  this  investigation  extends  over  two  papers  of 
over  average  length,  the  subject  of  the  undnkabUity  of  ships  is  &r  from 
exhausted. 

It  is  plain  that  here  is  a  rich  and  opportune  field  for  investigation,  as 
the  subject  is  too  important  to  be  any  longer  treated  with  indifference. 

It  is  to  be  hoped  that  other  investigators  will  come  forward  and 
contribnte  to  its  completion. 

And  it  is  also  to  be  hoped  that,  through  the  combined  efforts  of  many 
workers,  sufficient  attention  will  be  drawn  to  the  subject,  that  something 
of  a  practical  nature,  which  would  benefit  the  seafaring  community,  will 
be  the  ultimate  result. 
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TABLE  XVI. 

Showing  the  amount  in  Feet  by  which  the  Distances  and  Maximum  Lengths  in 
Table  XV.  are  to  be  Corrected,  so  as  to  g^ve  the  True  Positions  of  the  Bulkheads, 
and  the  Length  of  the  Engine  and  Boiler  Space,  in  Steamers  15  Depths  and  Sailing 
Vessels  13  Depths  in  Length. 


T7PE  OP  Vessel. 

Position  of 
Bnlkhead. 

Lbnoth  or  Vessel. 

200 

240 

280 

320 

360 

400 

One,  two,  and  three- 
deck  vessels,  with- 
out erections. 

Istaft 

E.  and  B.  room 

1st  forward  ... 

+  2 

0 

-  3 

+  2 

0 

-  3 

+  8 

-  1 

-  3 

+  8 

-  2 

-  3 

+  2 

-  8 

-  4 

+   1 

-  4 

-  4 

Vessels     with     poop, 
bridge,    and     fore- 
castle, the  erections 
covering  *5  length. 

Istaft 
2nd  aft 
E.  and  B.  room 
Ist  forward  ... 

+   1 

+  5 

0 

-  3 

0 

+-  3 

-  1 

-  3 

-  1 
+   1 

-  2 

-  3 

-  2 

•  •  • 

-  4 

-  2 

-  8 

•  •  • 

-  6 

-  1 

-  4 

•  •  » 

-  8 
0 

Vessels      with      long 
poop,  the  erections 
covering  '7  length. 

Istaft 

2nd  aft 

E.  and  B.  room 

2nd  forward... 

1st  forward  ... 

+  2 
+  3 

-  2 

-  9 

-  3 

0 
+   1 

-  4 

-  6 

-  2 

-  2 

-  3 

-  7 

-  3 
0 

-  4 
-12 
*10 

•  •  • 

+  2 

-  6 

•  •  • 

-14 

•  •  • 

+  4 

-  8 

•  •  • 

-20 

•  •  • 

+  7 

Raised  quarter-deck, 
erections  '7  length. 

Istaft 

+  11 

+  9 

+  7 

+  4 

+   1 

-  2 

Vessels      with      long 
poop,  the  erections 
covering  "9  length. 

Istaft 
2nd  aft 
3rd  aft 

E.  and  B.  room 
2nd  forward... 
1st  forward  ... 

+   1 

+  4 

+  6 

0 

-  9 

-  3 

0 
+  8 
+  5 
-.  3 

-  9 

-  2 

-  2 

-  1 

-  2 

-  7 

-  6 
0 

-  5 
-13 

•  •  • 

-11 

+  4 
+  2 

-  8 
-27 

•  •  • 

-16 

-  •  • 

+  4 

• 

-12 

•  •  • 

•  •  • 

-22 

•  •  • 

+  7 

Raised  quarter-deck, 
erections  *9  length. 

Istaft 

• 

+  10 

+  8 

+  6 

+  3 

0 

III 

-  4 

Awning-deck  vessels 
with  bulkheads  to 
the  main-deck. 

Istaft 
2nd  aft 
3rd  aft 

E.  and  B.  room 
2nd  forward . . . 
1st  forward  ... 

+  2 

+  4 
+  7 
0 
-13 
-  5 

+   1 
+   3 
+  6 

-  2 
0 

-  3 

-  2 
0 

-  2 

-  4 
+  4 

0 

-  5 

-11 

•  •  t 

-  8 
+  9 
+   3 

-  8 
-24 

■  •  • 

-16 

•  •  • 

+  6 

-12 
-39 

•  •  • 

-26 

•  •  • 

+  10 

Awning-deck  vessels 
with  bulkheads  to 
the  awning-deck. 

Istaft 

E.  and  B.  room 

1st  forward  . . . 

«  •  • 

•  •  • 

•  •  • 

+  21 
+  16 

>  •  • 

+  15 
+  11 

•  •  • 

+  9 
+  6 

•  •  • 

+  4 
+  2 

•  •  • 

-  1 

-  2 

•  •  • 

• 

Spar-deck  vessels. 

Istaft 

E.  and  B.  room 

1st  forward  ... 

•  •  • 

•  •  • 

>  •  • 

>  •  • 

•  •  t 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

+   3 

-  2 

-  5 

+  13 

+  12 
-19 

+  10 
+  6 
-14 

+  4 

0 

-  8 

Sailing  vessels. 

Aft     ... 

Centre 

Forward 

+   2 

+    1 
-  4 

+  3 

0 

-  4 

+  3 

-  5 

-  6 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 
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TABLE  XVII.                                                     ^^^^ 

abowiDff  the  sinoant  in  Percentiige  of  Length  of  Vessel  by  which  the  DUhmoM  in  Table  XT.     1 

are  to  bd  Corrected,  bo  aa  to  givo  the  True  Poaitions  of  the  Bnlklieads,  nod  the  Lengtli     ■ 

of  the  Engine  nnd  Boiler  Space,  iu  Vosacla  of  -79  Rmncat,  or  50  per  cent,  increau  of     ■ 

Sheer,  or  Both.                                                                                                                             1 

NoTB.-Ve8BeL.  of  IS  Depths  in  LengHi  are  first  to  be  Corrected  bj  Table  XVI.           1 

^^^^ 

il| 

ii 

1 

11 

^1 

ii 

i 

1 

u 

1 

■79t  IS;  normal 

-1-0 

-1-0 

-1-0 

-1-6 

-15 

-l-S 

-IS 

-15 

■70;  12j  60  9* 

+  1-B 

+  1-0 

+  1-0 

+  1-0 

+      6 

+  1^0 

+  1-0 

+  15 

"6 

iBt  aft. 

■79;  12;  BO  56 

D 

-    ^6 

-    -5 

-l-O 

-1-B 

-    -5 

-    -5 

0 

-79;  15j  normal 

-1-0 

-1-0 

-1-0 

-  1-0 

-l^B 

-1-6 

-2^0 

-i^a 

70;  15;  DO  % 

+  z-a 

+  1-B 

+  1-0 

+    -5 

0 

+  1-B 

+  1^0 

+  25 

"6 

■79i  15;  60.?* 

H-0 

+    -6 

0 

-      B 

-1^5 

0 

-1^0 

+  10 

■79;  13;  normal 

-1-0 

-1-0 

-1^0 

-VO 

■70 

12 

50  96 

+  4-0 

+  3-6 

+  25 

+  2^0 

2l><l  oft. 

■79 

IS 

60  96 

+  3-0 

*  2^B 

+  1-5 

+  10 

■79 

IB 

normal 

-1-0 

-VO 

-1-0 

-1^0 

■70 

16 

60  96 

+  50 

+  i-b 

+  35 

+  8^0 

■79 

16 

509^ 

+  4-0 

+  3^6 

+  2^5 

+  2-0 

■79;  IB;  normal 

0 

0 

■70;  12 

60  96 

+  6-6 

+  66 

Srdftft, 

■79;  n 

■79;  16 
■70;  16 
■79;  15 

60  96 
normal 
50  96 
60  96 

+  6-6 

0 
+  9-0 
+  9-0 

+  66 

0 

-79;  12;  nurmal 

+  1-B 

+  1-5 

+  15 

+  2-0 

+  2^6 

+  2^0 

Comportment 

-70j  ISi  60% 

0 

-1-0 

-l^O 

-1-6 

-2-5 

0 

—  a-o 

-79:  18j  60% 

+  I^B 

+  1-0 

+  1-0 

+  10 

+    -5 

+  S^O 

■79;  15;  normal 

+  1^5 

+  Vt 

+  1-5 

+  20 

+  2-B 

+  2-0 

■70;  15;  60  96 

0 

-1-0 

-1-0 

-B^O 

-  2-5 

0 

—  in 

■79;  15;  60  94 

+  1-B 

+  1-0 

+  1^0 

+    ^6 

+     ■& 

+  2-0 

■79;  12;  Qonnol 

+  1-0 

+  1^0 

+  1^0 

■70;  IB 

50  9^ 

-8-6 

-8-5 

-8^5 

Snd  forward. 

■79  J  IB 

BO  96 

-7-5 

-7-5 

-76 

■79;  IB 

+  1-0 

+  1^0 

+  I-O 

■70;  16 

60% 

-13-0 

79;  16 

60  96 

-I2^n 

-79j  12;  normal 

+  1-B 

+  1-5 

+  1^6 

+  1-5 

+  1-B 

+  2-0 

■70  J  la 

60  96 

-3-0 

-2-5 

-2'5 

-2^0 

-15 

-8-6 

—  i-i 

■79;  12 

5096 

-1-6 

-1-0 

-ro 

-     6 

0 

-1^6 

Irt  forward. 

79;  15 

+  2-0 

+  1-6 

+  1B 

+  1^6 

+  1^0 

+  20 

■70;  IB 

50  96 

-4-0 

-3B 

-3-0 

-a-6 

-2^0 

-i-o 

■79;  15 

60  96 

-20 

-2-0 

-1-6 

-ro 

-W 
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APPENDIX  A. 

The  formuleB  proposed  in  the  previous  paper  have  been  used  in  the 
present  investigation  in  the  following  way : — 

Denoting  the  moulded  draught  forward  after  the  admission  of  water 
by  D,  the  formula  (I.)  for  the  additional  draught  forward 

was  written : — 


j^  <f[a+  127  (1-e)] 

"J"^  ^  ■*■  an  -  12  7x3 


or 


[a+  127  (1-e)] 


=  1  +  1 = T ....       (V.) 

This  formula  is  now  an  expression  for  the  draught  forward  after  the 
admission  of  water  divided  by  the  mean  draught  before  admission ;  it  is 
therefore  a  ratio,  and  as  such  independent  of  absolute  dimensions. 

For  similar  forms  of  vessels,  loaded  to  equal  draught  ratios,  a  and  e  are 

A 

constants,  <t,  7, 71,  and  —  vary  with  the  relative  lengths  and  positions  of  the 

compartments,  and  £  is  the  percentage  of  water  admitted.  And  in  the 
case  of  similarity  of  subdivision,  added  to  similarity  of  form,  all  these 
ratios  are  constants,  from  which  follows  that,  in  the  case  of  perfect 
similarity,  the  expression  (V.)  is  a  constant  too.  And  it  will  be  thus  seen 
that  the  draught  forward  or  aft,  after  admission,  depends  on  no  other 
absolute  dimension  than  the  original  load  draught,  being  independent  of 
length  and  breadth. 

Turning  now  to  Diagrams  I.  and  II.,  Plates  XL.  and  XLI.,  which 
diagrams  are  constructed  by  means  of  the  previous  formula  (V.),  and 
Diagram  III.,  Plate  XLII.,  constructed  by  means  of  formula  (IV.)  in 
the  previous  paper,  it  will  be  immediately  noticed  that  it  is  highly 
advantageous,  if  fewness  of  bulkheads  is  aimed  at,  to  provide  as  great  a 

value  of  --T  as  possible.    This  can  only  be  effected  in  two  ways,  either 

by  increasing  the  maximum  draught  (D),  by  increasing  depth  and  sheer, 
or  by  decreasing  the  mean  draught  (d).  The  number  of  bulkheads  for 
similar  forms  of  ships,  and  for  the  same  percentage  of  water  admitted, 

being  solely  dependent  on  this  value  ^,  it  is  easy  to  understand  the 
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superiority  of  high  freeboard  vessels,  or  of  spar-deck  vessels  over  one, 
two,  and  three-deck  vessels  without  erections,  these  latter  vessels  over 
those  with  erections,  and  so  on. 

THE  USES  OP  DIAGRAMS  I.,  II.,  AND  III.,  PLATES  XL.,  XLI.,  AND  XLII, 

The  uses  of  Diagrams  I.,  II.,  and  III.  are  best  understood  by  a 
few  examples. 

Example  I, — Assume  that  it  was  decided  to  fix  the  number  and 
positions  of  the  bulkheads  of  the  following  vessel : — 

Length,  300  feet. 

Breadth,  40    „ 

Draught,  20    „ 

Fineness,  'TOO. 

Ignore  length  and  breadth. 

Judge  by  the  depth  and  the  amount  of  sheer  what  is  the  greatest 
draught  that  the  vessel  could  safely  be  immersed  to  in  the  case  of  one 
compartment  being  in  communication  with  the  sea,  say  23  feet  forward 
and  22  feet  aft. 

Find  now  the  ratios  of  the  draughts  fore  and  afl  after  admission  to 
the  draught  before  admission,  these  being — forward,  1*150,  and  aft,  1*100. 
Fix  the  positions  of  the  peak  bulkheads,  say  forward  at  '925  and  aft  at 
•050  length  of  vessel. 

Run  along  the  draught  ratio  line  forward  (Diagram  I.)  until  it 
intersects  the  curve  marked  '925,  and  read  off  the  corresponding  abscissa. 
Its  value  is  '805,  and  indicates  the  position  of  the  first  bulkhead  forward. 

Run  again  along  the  draught  line,  and  where  it  cuts  the  curve  marked 
•805  is  the  position  of  the  second  bulkhead,  being  at  "686  of  the  length 
of  vessel.  Continuing  to  run  along  the  same  line,  it  is  seen  that  no  more 
bulkhead  is  required  forward. 

If  the  same  performance  is  repeated  for  the  after-body,  but  on  the 
draught  line  marked  1*100,  and  with  the  peak  bulkhead  as  fixed  above, 
the  positions  of  the  bulkheads  aft  are  found  to  be  at  '154,  '234,  '317,  and 
•422  length  of  vessel. 

The  engine  and  boiler  compartment  being  fixed,  say  45  feet,  it 
remains  to  ascertain  if  this  compartment  requires  to  be  subdivided,  which 
is  easily  done  by  Diagram  III.  when  the  draught  ratio  is  fixed. 

Example  II. — In  case  the  bulkheads  of  a  vessel  arc  already  fixed,  it 
may  be  desirable  to  know  whether  the  vessel  is  practically  unsiukable  or 
not.  Find  the  distances  of  the  bulkheads  from  the  aft  perpendicular, 
and  divide  by  the  length  of  the  vessel.      Assume,  then,  that  the  forward 
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bulkheads  are  placsed  at  '58,  '72,  and  -95  length.  Say  that  the  load 
draught  is  20  feet,  and  the  maximum  draught  forward,  after  admission, 
is  26  feet.  The  draught  ratio  being  now  1-300,  find  the  intersection 
between  abscissse,  -58,  -72,  and  -95,  and  the  draught  ratio  line,  1*300. 

It  is  then  seen  that  the  main-hold  is  short  enough,  as  it  could 
be  extended  to  '822  length  without  violating  the  conditions  for  un- 
sinkability,  but  that  the  fore-hold  is  too  long.  This  matter  can  easily 
be  put  right,  as  shown  by  the  diagram,  either  by  shifting  the  fore-peak 
bulkhead  aft  to  '93  length,  or  the  intermediate  bulkhead  forward  to  '732 
length. 

Example  III. — The  question  may  be  reversed.  Given  certain  com- 
partments, to  what  draught  would  the  vessel  sink  if  water  was  admitted? 

Say  that  the  bulkheads  are  placed  at  '750  and  '925  length. 

The  intersection  between  the  vertical  line  from  '750  length  and  the 
curve  marked  '925  gives  the  draught  ratio,  being  in  this  case  1'240.  If, 
then,  the  draught  before  admission  was  25  feet,  the  draught  forward 
after  admission  would  be  31  feet. 

Example  IV, — Or,  assuming  the  positions  of  the  fore-peak  and  boiler 
room  bulkheads  fixed,  to  find  the  most  advantageous  position  of  the  inter- 
mediate bulkhead,  i,e.^  the  position  where  the  draught  ratios  would  be 
equal,  and  a  minimum,  in  case  either  of  the  fore  compartments  was 
dam£^ed. 

Say  that  the  fore-peak  bulkhead  is  placed  at  '930  length  of  vessel, 
and  the  boiler  room  bulkhead  at  '580  length.  Run  up  along  the  vertical 
line  through  '580  length,  and,  simultaneously,  run  down  along  the  curve 
marked  '930.  It  is  then  easily  seen  that  the  most  advantageous  position 
of  the  intermediate  bulkhead  is  at  '770  length  of  vessel,  and  that  the 
corresponding  draught  ratio  for  both  compartments  is  1*212. 

Example  V, — The  previous  examples  suppose  the  trim  of  the  vessel 
to  be  on  even  keel.  But  if  the  trim  is  either  by  the  head  or  stern,  the 
proper  subdivision  is  found  in  the  following  way : — 

Say  that  the  vessel  is  2  feet  by  the  stern. 

Mean  draught,  20  feet. 

Thus  draught  aft,  21  feet;  and  draught  forward,  19  feet. 

Settle  on  draught  aft  after  admission,  say  24  feet. 

And         „  forward  „  „    26  feet. 

Showing  an  additional  immersion  of  3  feet  aft  and  7  feet  forward. 

Add  these  to  the  mean  draught,  and  use  as  maximum  draughts  aft 
and  forward,  23  and  27  feet  respectively,  for  forming  the  draught  ratio, 
instead  of  24  and  26  feet ;  and  the  ensuing  result  will  be  the  subdivision 
ired  for  the  vessel  being  2  feet  by  the  stern. 
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Diagram  11.  (Bimilar  lo  I.)  is  coastnicted  for  vesselB  with  a  block 
coefficient  of  aiBpiacemeutof '790;  and  used  iu  conjunction  witli  Diagram 
I.,  it  is  eaay  to  find  the  subdivifiioo  required  for  any  intermediate  fineness 
by  interpolation. 

It  will  be  understood  that  these  Diagrams  (I.,  II.,  and  III.)  are  also 
capable  of  solving  with  Bufficienl  precision  the  interesting  problem — what 
aabdiviaion  is  required,  if  two  or  more  adjoining  compartments  are  sup- 
posed to  be  simnltaneonsly  bilged  ? 

Assume  the  fore-peak  I,  aud  boiler  room  bulkheads  5  and  6,  to  be 
fixed. 

<    La   X  /  > 


Suppose  that  bulkhead  2  is  damaged,  then  bulkhead  S  can  be  fixed 
directly  by  the  aid  of  Diagram  I.  Then  assume  bulkhead  6  damaged 
and  fix  bulkhead  4.  This  can  only  be  done  in  an  approximate  way  by 
means  of  the  diagrams,  as  the  boiler  room  admits  70  per  cent.,  aud  the 
compartment  4-5,  40  per  cent,  of  water.  Coll  the  length  of  the  boiler  room 
Lu  aud  the  bold  4-5, 1.  Find  from  Diagram  I.  the  maximum  length  of 
a  compartment  at  the  approximate  position  of  4-G,  for  an  admission  of  40 
per  cent,  of  water  ==  Lmm, ;  "nd  the  compartment  4-5  may  bo  approxi- 
mately taken  as  2  =  Lq,„.  —  ^Lq  ;  or  if  Digram  III.  is  nsed  {  ^ 
I  (L'oa,. — Lb).  When,  now, bulkhead  4  is  fixed,  bulkhead  2  can  be  directly 
found  from  Diagram  I.,  assuming  bulkhead  3  to  be  damaged.  The  bulk- 
heads of  the  after-body  are,  of  course,  fixed  by  a  similar  procedure. 

Diagrams  IV.,  V.,  VI.,  and  VII.,  Plates  XLIIL,  XLIV.,  XLV.,  and 
XL VI.,  are  directly  obtained  from  Diagrams  I.  and  II.  They  show  at  a 
glance  the  positiouB  and  minimum  number  of  bulkheads  required  for  two 
different  positions  of  peak  bulkheads  (5'6  and  8'0  per  cent,  from  the 
ends)  for  any  given  draught  ratio. 

It  is  by  this  means  poBsible  to  appreciate  the  effect  of  lengthening 
or  shortening  the  peaks,  and  also  to  find  the  positions,  of  the  intermediate 
bulkheads  for  any  ordinary  lei^th  of  the  peaks  by  means  of  simple 
interpolation. 

These  diagrams  show  in  an  unmistakable  manner  the  effect  of 
increasing  the  draught  ratio,  or  the  influence  of  freeboard  and  draught, 
on  the  number  and  positions  of  the  bulkheads.  For  the  vessel  with  a 
fineness  of  '700,  if  the  draught  ratio  is,  roughly  speaking,  over  1'200,  only 


) 
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one  intermediate  bulkhead  is  required  at  each  end ;  between  1*130  and 
1*200,  two  at  each  end  ;  between  1*100  and   1*130,   three  at  each  end  ; 
and,  if  it  is  as  low  as  1*050,  six  at  each  end  for  the  fine,  and  seven  for 
the  full  ship. 

Diagram  VIII.,  Plate  XLVII.,  represents  part  of  one  of  the  final 
diagrams  from  which  the  figures  in  Tables  XIV.  to  XVII.,  pages  349-354, 
are  lifted.  These  final  diagrams  are  obtained  by  combining  Diagrams 
III.,  IV.,  v.,  VI.,  and  VII.,  Plates  XLII.,  XLIIL,  XLIV.,  XLV.,  and 
XLVI.,  with  the  load  draught  ratios  (obtainable  by  dividing  the  draughts, 
forward,  middle,  and  aft,  that  fulfil  the  conditions  for  unsinkability,  with 
Lloyd's  summer  load  draught)  that  appertain  to  the  various  lengths  of 
vessels  of  each  type,  fineness,  etc. 

The  positions  of  the  bulkheads  for  each  type  being  found,  they  were 
laid  down  as  shown  on  Diagram  VIII,  Plate  XLVII. 

APPENDIX  B. 

The  use  of  Tables  XV.,  XVI.,  and  XVII.,  pages  351-354,  is  best 
understood  by  an  example.  Required  to  know  the  position  of  the  forward 
bulkhead  in  a  steamer  with  poop,  bridge,  and  forecastle,  350  feet  long, 
•745  in  fineness,  13*5  depths  in  length,  and  a  mean  sheer  exceeding  Lloyd's 
by  25  per  cent. 

Find  from  Table  XV.  the  position  of  the  bulkhead  for  a  ship  -700  in 
fineness,  12  depths  in  length,  and  normal  sheer ;  from  Table  XVI.  its 
position  for  a  ship  15  depths  in  length ;  and  from  Table  XVII.  the  posi- 
tions for  the  remaining  standard  forms  by  correcting  for  sheer  and 
fineness. 

Combine  the  results  in  the  way  shown  in  the  annexed  table  (Table 
XVIIL),  and  the  required  position  is  found. 

TABLE  XVIII. 


From  Tablee. 

Posi- 
tions 

of 
Bulk- 
heads. 

Corrected  for 
Fineness. 

Posi- 
tions 

of 
Bnlk- 
heads. 

Odrreoted  for 

Fineness  and 

Sheer. 

Posi- 
tions 

of 
Bnlk- 
heads. 

Corrected  for 
Fineness,  Sheer, 
and  Proportions. 

Final 
Position 
of 
Bulk- 
head. 

•70;  12;  normal 
•79;  12;  normal 

2535 

2587 

•745;  12;  normal 
1  745;  12;  50% 

2561 
2491 

1 745;  12;  25% 

\ 

1-745;  15;  25% 

252-6 
250-6 

y745;13-5;25% 

251-6 

•70;  12;  50  % 
•79;  12;  50  % 

246-5 
251-8 

•70;  15;  normal 
•79;  15;  normal 

252-3 
257-5 

-  ^745;  15;  normal 
1 -745;  15;  50% 

254-9 
246-2 

•70;  15;  50% 
-79;  15;  50  % 

243-6 
248-8 
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DISCDSSION. 

The  Past-Pubsident  observed  that  those  of  them  who  had  had  i 
pleasure  of  hearing  the  two  papers  read  by  Mr.  Hok  on  the  Bubject  of 
bulkheads,  and  the  diaeussions  that  had  taken  plaee  at  Hartlepool  ami 
Neweaatle,  might  i)e  aBtoiiishcd  to  see  how  much  could  be  eaid  on  what,  at 
first  sight,  might  seem  a  very  simple  subject.  He  thonght  they  would  all 
agree  that  Mi-.  Hok  had  devoted  a  large  amount  of  time,  patience,  and 
ability  to  the  preparation  of  these  papers.  The  discussion  would  be  con- 
tinued on  Snturday,  25th  April,  at  Hartlepool ;  but  meanwhile  there 
might  he  Bomeone  prepared  to  go  on  with  it.  He  thought  probably  there 
was  nothing  the  writer  of  a  jMper  liked  better  than  to  have  some  adverse 
criticism  to  give  him  an  opportunity  later  on  of  putting  the  speakers 
right  if  he  could. 

Mr.  H.  Macoll  was  afraid  that  the  paper  before  them  was  rather 
too  elaborate  and  extensive  in  its  scope  to  admit  of  impromptu  criticism. 
The  snbject  was  one  that  required  a  good  deal  of  consideration  and 
study.  However,  ui  obedienoe  to  the  call  of  the  Past-President,  he  would 
emleavoui'  to  make  a  vei^  few  remarks  ;  and,  generally,  be  was  prepared 
to  go  a  good  way  with  Mr.  Hok  in  the  concluaions  arrived  at.  Although 
there  was  a  shade  too  much  of  what  might  be  called  the  moral  philosoj^y 
elenjcut  ill  till;  piijii.T  fitr  Iiiin  to  :w;ccpt  I'li  (oto,  he  thought  that  element 
might  very  suitably  be  relegated  to  a  very  minor  position  and  only 
touched  in  an  incidental  manner.  On  page  336  it  was  said  in  the  paper 
"  It  will  not  be  denied  that  it  is  possible  to  bo  subdivide  ships  as  to 
make  them  uusinkable."  Now,  to  start  with,  he  (Mr.  Macoll)  was  not 
prepared  to  admit  that.  In  the  paper  the  matter  was  considered  pretty 
muoh  from  what  might  be  termed  the  collision  versus  bulkhead  point  of 
view.  It  must  be  evident  from  a  very  cursory  examination  that  the 
great  bulk  of  the  loss  of  ships  and  Lives  does  not  arise  from  collisions. 
Stranding  and  fires  have  a  great  deal  to  do  with  the  losses,  and  no 
practicable  number  of  bulkheada  will  prevent  a  vessel  going  ashore  and 
damaging  the  bottom  sometimes  fore  and  aft.  The  greater  number  of 
bulkheads  might  at  times  give  more  time  for  saving  life,  and  also 
increase  the  facility  for  salving  the  ship  after  the  storm  had  subsided. 
Then,  as  to  the  alleged  absence  of  the  necessary  courage  to  open  sluices 
or  valves  to  balance  a  leak  by  collision  on  the  opposite  side  and  end 
to  the  damage,  he  was  not  prepared  to  admit  that  either.  He  believed 
there  waa  as  much  pluck  and  courage  in  the  average  sea-going  Britisher 
of  the  present  day  as  would  suifice  to  supply  the  need  for  someone  to 
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stand  in  the  breach  and  dare  the  risk.  Of  course,  in  this  case,  judgment, 
as  well  as  courage,  is  necessary.  It  could  not  be  denied  that  unfor- 
tunately for  some  time  lately  the  events  occurring  in  the  mercantile 
marine  did  not  tend  to  raise  the  general  tone  of  the  sea-going  emjyJoyes, 
There  was  a  very  keen  appreciation  of  their  rights,  but  veiy  little  was 
said  about  duty  or  responsibility.  Still,  there  was  reason  to  believe  that 
a  better  understanding  and  a  more  cordial  co-operation  between  ship- 
owner, oflBcers,  and  seamen  would  ere  long  be  come  to,  and  that  was  a  state 
of  things  more  necessary  to  be  brought  about  than  even  the  veiy  im^Dortant 
one  of  bulkheads,  but  this  by  the  way.  The  central  longitudinal  bulk- 
head, as  had  well  been  said,  had  the  formidable  objection  of  causing  a 
heavy  list  in  the  event  of  perforation  of  one  of  the  comiDartmeuts, 
especially  towards  midships.  Looking  somewhat  ahead,  and  assuming 
that  vessels  considerably  larger  and  more  powerful  than  any  at  present 
afloat  would  be  built  for  the  Atlantic  ferry,  the  difficulty  could  be  got 
over  by  fitting  two  longitudinal  bulkheads.  This  could  well  be  done 
in  a  vessel  having  three  sets  of  engines,  and,  say,  four  boilers  in  the 
ship,  the  longitudinals  passing  inside  the  wing  boilers,  leaving  the  two 
midship  boilers  in  a  common  compartment.  This  arrangement  would 
to  a  large  extent  do  away  with  the  dangerous  heeling  when  each 
compartment  was  open  to  the  centre  line  of  vessel,  but  was,  of  coui'se, 
only  practicable  in  a  very  large  class  of  vessel.  Still,  the  sjKiaker  felt 
that  these  remarks  only  touched,  as  it  were,  the  fringe  of  the  subject, 
and  he  found  it  impossible  to  speak  to  the  purpose  without  further 
consideration.  Generally,  in  the  paper,  the  subject  of  bulkheads  was 
very  fully,  explicitly,  and  ably  handled,  and  it  was  not  at  all  unlikely 
that  some  legislation  will  ensue  on  the  subject  of  bulkheads  in  the  not 
distant  future.  Now,  pei^sonally,  he  believed  it  would  be  desirable, 
first,  that  our  law- makers  and  their  advisers  should  draw  up  their 
proposals  and  submit  them  for  consideration  to  the  mercantile  com- 
munity. Then  after  the  suggested  alterations,  amendments,  or  improve- 
ments had  been  somewhat  harmonised  by  a  representative  committee, 
our  Government  should  influence  or  persuade  the  other  principal  maritime 
powers  to  adopt  something  similar  to  what  had  been  indicated  by  Mr. 
Hok  and  approved  by  those  concerned,  the  difficulties  of  stowage  would 
be  somewhat  equalised  in  the  case  of  new  vessels  building  or  about  to 
be  built  after  the  promulgation  of  the  new  mles  or  laws.  There  still 
remained  the  question  of  old  vessels,  and  it  would  be  a  very  serious  matter 
indeed  for  shipowners  to  introduce  additional  bulkheads,  hatches,  winches, 
ventilation,  etc.,  into  the  bulk  of  the  present  mercantile  fleet,  and  this 
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pointed  to  the  necessity  of  exoreiBing  cantion  and  tbe  giving  of  ample 
notice  of  the  alterations,  as  the  iifrgrepit«  cost  would  be  unormous  and  oonld 
by  HO  meanB  be  considered  lightly  on  such  an  apparently  easy  naiittcr  as 
dealing  with  boats  and  life-bolta.  He  would  only  further  say  that  the 
paper  now  under  conaideriition  waa  a  very  important  and  viilnable  oiiu, 
and  he  hoped  its  im|X)rtonce  would  be  duly  recognised  by  those  to  whom 
this  matter  of  bulkhojida  was  refen-ed  for  their  conaideration  and  report- 
Mr,  James  TnoMSorf,  Jun.,  said  he  was  not  prepared  to  discnsa  the 
paper  without  further  considcmtion.  It  was  a  very  important  piipor,  and 
careful  study  would  be  required  before  one  could  venture  ou  criticism. 
He  noted  a  few  points  when  Mr.  Hiik  was  rending  his  paper,  one  or  two 
of  which  had  been  touched  on  by  Mr.  Macoll,  so  he  need  not  repeat  them. 
On  the  question  of  a  longitudinal  bulkhead  he  thought  that  Mr,  Hiik  wiis 
quite  right  in  saying  that  if  a  ahip  got  into  collision,  and  was  listing  over 
a  great  deal,  no  captain  would  venture  to  experiment  with  his  ship  by 
filling  other  compartments  with  water.  The  risk  of  destroying  his  ahip 
would  be  too  great,  iie  thought  that  in  the  paper  Mr.  Hok  had  rather 
underestimated  the  chance  of  a  ahip  being  struck  on  a  bidkhead,  and  so 
having  two  compartments  opened  to  the  sea ;  bat  it  must  be  admitted 
that  to  make  a  ship  uuslnkahic  with  two  compartments  damaged  woald 
require  bo  many  buikhuadH  as  to  Ite,  in  most  ciiaes,  practically  impossible. 
ITc  would  like  to  refer  to  a  mutter  that  Sir.  Hok  Lad  touelie<J  upon,  that 
was  the  strength  of  bulkheads.  He  thought  bulkheads  were  almost  always 
not  strong  enough.  He  waa  sure  if  they  were  subjected  to  water  pressure 
they  would  frequently  burst,  especially  after  the  deterioration  of  a  few 
years'  use.  In  cases  where  they  read  of  a  ship  being  damaged,  and  a  con- 
siderable amount  of  water  coming  on  the  bulkheads,  they  generally  noticed 
that  the  captain  seemed  afraid  of  the  strength  of  his  bulkheads,  and  shored 
them  up.  It  would  he  very  desirable  to  teat  the  bulkheads  when  possible, 
but  thia  waa  usually  not  practicable.  He  agi-eed  with  Mr.  Hok  as  to  the 
advantagea  that  could  be  got  by  shifting  the  fore-peak  bulkhead  further 
aft.  In  most  cargo  ships  he  had  seen  the  foremost  cargo  space  was 
generally  latter  than  was  necessary.  As  the  cargo  capacity  waa  greater 
than  the  amount  of  dead-weight  the  ship  was  able  to  carry,  the  forward 
space  was  usually  left  partly  filled.  Thus  by  shifting  the  peak  bulkhead 
aft  the  capacity  of  the  ship  would  not  really  be  reduced  at  all,  and  the 
ship  would  be  niade  safer.  He  was  glad  to  see  that  Bureau  Veritas  gave 
a  special  mark  to  sailing  ships  provided  with  bulkheads.  He  thought  if 
the  registry  societies — Bureau  Veritas  and  Lloyd's — would  give  some 
apeeial  mark  to  ahips  efficiently  subdivided  it  ought  to  make  a  difference 
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in  insurance  rates,  and  tend  to  encourage  shipowners  to  bring  about  the 
necessary  subdivision.  The  calculations  of  the  mathematical  part  of  the 
paper  he  had  not  had  time  to  look  into,  but  he  could  see  that  Mr.  Hok 
must  have  spent  a  great  amount  of  labour  in  preparing  the  paper,  and  he 
thought  the  Institution  was  much  indebted  to  him  for  it. 

The  Past-President  thought  Mr.  Hok  would  fully  appreciate  the 
difficulty  gentlemen  had  in  criticising  the  paper  so  soon  after  being  read. 
There  were  just  one  or  two  points  he  had  noted.  He  quite  agreed  with 
Mr.  Hok  on  the  question  of  longitudinal  bulkheads,  for  they  could  be  of 
little  or  no  value  if  it  were  necessary  to  have  valves  or  other  means  of  letting 
the  water  through  to  right  the  vessel  in  case  of  collision.  As  regards  the 
transverse  bulkheads,  these  are  probably  sufficiently  strong  as  now  con- 
structed, seeing  that  when  the  vessel  is  loaded  they  are  partly  supported  by 
the  cargo,  and  when  light  that  the  water  would  not  rise  to  a  sufficient 
height  to  unduly  strain  them.  The  assumptions  made  by  Mr.  Hok 
also  struck  him  as  being  reasonable  under  the  circumstances.  Of  course, 
in  a  matter  of  this  sort  a  great  many  assumptions  must  be  made  in  dealing 
with  the  subject  generally.  In  dealing  with  any  particular  vessel  special 
calculations  could  of  course  be  made,  and  the  assumptions  to  a  consider- 
able extent  be  done  away  with.  There  was  one  point  he  was  rather 
pleased  to  see.  He  had  had  a  great  partiality  for  spar-deck  steamers  for 
many  years,  and  according  to  Table  XIV.,  page  349,  spar-decked  were 
evidently  the  least  sinkable  of  all  types  of  steamers.  This  was  accounted 
for  by  their  having  a  greater  amount  of  freeboard  to  the  bulkhead-deck 
than  other  types.  If  awning-decked  steamers  had  their  bulkheads  run 
up  to  the  awning-deck,  instead  of  only  to  the  main-deck,  they  would  be 
safer  even  than  the  spar-decked  steamers ;  but  the  rules  did  not  require 
that.  The  "moral  philosophy"  part  of  the  paper  Mr.  Macoll  rather 
objected  to  he  supposed  referred  to  page  348  and  the  loss  to  insurance 
companies,  etc.  He  could  not  subscribe  to  that  part.  The  proportion 
of  ships  lost  by  collision  was  so  comparatively  small  to  the  total  number 
of  vessels  built  that  he  did  not  think  any  shipbuilder  in  existence  would 
object  to  fit  additional  bulkheads  lest  the  number  of  losses  should  be 
reduced.  He  hoped  that  they  all  took  a  much  higher  view  of  the  great 
responsibilities  resting  upon  them.  He  thought,  too,  it  was  the  interest 
of  the  insurance  companies  to  reduce  the  loss,  even  although  they  got 
smaller  premiums.  He  hoped  that  this  paper  and  valuable  Appendices 
would  be  carefully  studied  before  the  next  meeting,  so  as  to  enable 
members  to  take  an  active  part  in  the  discussion  then  to  take  place. 

The  discussion  was  adjourned,  and  the  meeting  dissolved. 
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PROCEEDINGS. 


TENTH  GENERAL  MEETING  OF  THE  SESSION,  HELD  IN  THE 
ATHEN.EUM,  WEST  HARTLEPOOL,  ON  SATURDAY  EVENING, 
APRIL  25th,   1891. 


WIGHAM  RICHARDSON,  Esq.,  Pebsidbnt,  in  the  Chaie. 


The  Secretary  read  the  minutes  of  the  preceding  General  Meeting, 
held  in  Sunderland,  on  April  10th,  which  were  approved  by  the  members 
present,  and  signed  by  the  President. 


INVITATION  FROM  THE  WEARDALE  COMPANY. 

The  President  said  he  had  to  inform  the  meeting  that  the  Insti- 
tution had  received  an  invitation  from  Messrs.  The  Weardale  Iron  and 
Coal  Company  to  visit  their  works.  It  had  been  cordially  accepted  by  the 
Council,  and  the  day  fixed  for  Wednesday,  June  3rd.  He  had  no  doubt 
that  those  having  time  to  go  would  find  it  a  very  interesting  occasion. 


The  discussion  on  Mr.  W.  Hok's  second  paper  on  "  The  Unsinka- 
bility  of  Cargo-carrying  Vessels  "  was  resumed. 

Mr.  Harry  Gray  read  a  paper  on  "  Water-gauge  Fittings  for  Steam 
Boilers,"  which  was  followed  by  a  discussion. 

Mr.  J.  Petree's  paper  on  "  The  Basis  of  Ships'  Scantlings  "  was  read 
and  discussed. 
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ADJOURNED  DISCUSSION  ON  MR.  W.  HOK'S  SECOND 
PAPER  ON  "THE  UNSINKABILITY  OF  CARGO-CARRY- 
ING VESSELS." 


The  President  was  sure  they  would  all  agree  with  him  in  regretting 
that  they  had  not  the  presence  and  assistance  that  evening  of  the  eminent 
shipbuilder  of  this  port,  Sir  William  Gray.  It  would  have  been  an 
acquisition  to  have  his  contribution  on  the  subject  of  Mr.  Hok's  paper, 
but  he  was  unavoidably  absent.  They  must  try  to  replace  him  as  well 
as  they  could. 

Mr.  A.  McGlashan,  opening  the  discussion,  said,  the  paper  was  a 
very  interesting  and  valuable  one,  and,  from  a  naval  architect's  point  of 
view,  he  thought  it  had  been  very  creditably  put  forth ;  but  he  must 
confess  he  was  not  prepared  to  giYe  his  own  opinion  at  present,  as  he  had 
not  quite  made  up  his  mind  what  to  say  on  the  subject.  If  it  was  their 
wish,  however,  he  would  try  to  collect  a  few  thoughts  and  express  them  ? 
Well,  the  writer  assumed  that  a  ship  would  be  unsinkable  if,  injured  and 
having  one  compartment  put  into  communication  with  the  sea,  she  con- 
tinued to  float  at  a  certain  draught  of  water,  which  would  be  found  to  leave 
a  small  reserve  of  buoyancy.  But  he  (Mr.  McGlashan)  expected  that  if  they 
had  these  conditions  in  actual  ships,  they  would  find,  in  some  types,  with 
the  subdivision  proposed,  the  compartments  would  be  so  small  that  there 
would  be  more  danger  of  a  bulkhead  being  injured,  in  case  of  collision, 
than  the  writer  admitted ;  for  any  serious  damage  being  inflicted  within 
a  few  feet  of  a  bulkhead,  would,  to  some  extent,  destroy  its  tightness,  and 
then  two  compartments  would  be  open  to  the  sea  instead  of  one,  with  the 
result  that  the  ship  would  sink.  He  therefore  thought  that  before  they 
could  proclaim  ships  to  be  practically  un^nkable  they  would  require  to 
provide  such  subdivision  as  would  enable  them  to  sail  some  distance,  in 
moderate  weather,  with  two  compartments  open  to  the  sea.  Then  to 
provide  the  necessary  strength  of  bulkheads,  so  as  to  ensure  water- 
tighttiess  under  pressure,  would  add  considerably  to  their  weight,  and, 
together  with  the  extra  bulkheads  required  by  the  conditions  laid  down 
in  the  paper,  even  if  these  were  sufficient,  would  add  very  considerably  to 
the  weight  and  cost  of  the  ship.    Water-tight  doora  in  bulkheads,  too, 
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won!d  hare  to  be  dealt  with  in  connection  with  the  snbject  of  the  paper. 
Take  the  ordinary  cargo  ship,  having  the  water-tight  bulkhead  forward 
of  the  boiler  room,  fitted  with  sUding  doors,  for  the  purpose  of  paasiog 
coal  from  bunkers  in  the  main-hold.  It  will  be  seen  that  the  closing  of 
these  doors  could  not  always  be  readily  effected,  owing  to  various  causey 
such  as  the  openings  being  partly  blocked  with  coal,  and  so  they  mi^tt 
be  left  open  when  one  of  the  compartments  with  which  they  communi- 
cated was  injured,  and  then  two  compartments  would  till  with  water ; 
therefore  the  bulkheads  must  he  without  doors,  in  order  to  have  uneink- 
able  ships.  There  could  be  no  doubt  as  to  the  desirability  of  carrying 
bulkheads  higher  than  they  were  in  many  ships,  the  deficiencies  in  that 
reepect  were  clearly  shown  in  the  paper.  Bulkheads  irequently  terminated 
just  at  the  place  where  they  wonld  become  most  useful  in  case  of  k 
Gollkiou.  Ho  (Ml'.  McGl&shan)  did  not  think  that  it  had  beeu  qaita 
clearly  proved  that  the  advantages  which  were  expected  to  result  &om 
the  adoption  of  the  requirements  laid  down  in  the  paper  would  follow  io 
fact.  At  the  end  of  the  paper  it  was  claimed  that  there  wonld  be  ooa- 
siderable  advantages  to  everybody,  and  uo  great  disadvantage  to  any  oas, 
and  he  dared  say  that  from  a  naval  architect's  point  of  view,  it  looked  dl 
right,  but  io  pi-actice  it  was  very  difTerent.  Ships  yot  to  he  built  would 
have  to  go  into  competition  with  those  already  built.  Was  it  proposed 
to  make  the  requirements  of  the  paper  retrospective,  and  alter  existing 
ships?  If  not.  were  now  Bhips^  tn  Ijc  built  Ui  wn\\-\y  with  thisu  iv^juire- 
ments,  and  so  be  handicapped  in  working  with  ships  already  built  ?  He 
thought  it  would  be  desirable  to  have  a  plan  of  the  arrangement  of  some 
ship  actually  before  them,  showing  the  conditions  required  by  the  writer, 
vrith  an  estimate  of  then'  probable  cost,  to  enable  shipowners  and  others 
to  judge  of  their  value.  The  paper  did  credit  to  the  writer,  but  he 
believed  it  only,  as  it  were,  touched  the  fringe  of  a  great  subject ;  for 
instance,  the  subject  of  tonnage  comes  into  play  on  almost  every  hand. 
There  are  many  ships  having  large,  strong  erections,  which,  if  closed  with 
water-tight  bulkheads  at  each  end,  wonld  add  greatly  to  the  safety  of  the 
ships,  but  they  have  these  erections  open-euded,  simply  to  prevent  them 
being  added  to  the  tonnage.  Then  ships  might  easily,  without  much 
disadvantage,  be  built  with  gre^ier  freeboard  and  of  rather  lighter 
coostruction  in  proportion,  but  for  the  increase  of  tonnage.  The  epar- 
dccker  appeared  in  the  paper  as  almost  the  ideal  ship,  and  if  it  were  not 
to  avoid  increased  toun^e,  many  ships  would  have  loftier  sides  than  they 
have,  because  the  sides  could  be  easily  carried  up  strong  enough  to  keep 
out  the  sea  under  the  conditions  named  in  the  paper,  and  more  readily 


DISCUSSION — UNSINKABILITY  OP  CARGO-CARRYING  VESSELS.       869 

seenre  nnsiiikability.  But  according  to  the  tonnage  laws  this  would  add 
to  the  tonnage,  and  so  to  the  expense  of  working  the  ship.  In  many 
other  ways  there  was  difficulty  found  in  pursuing  the  path  marked  out  in 
the  paper ;  but  he  must  say  the  paper  put  forward  in  a  clear  and  able 
way  present  deficiencies.  He  thought  the  writer  of  the  paper  had  hardly 
proved  that  bulkheads  are  not  fitted  to  provide  strength.  They  are  at 
least  utilised  for  that  purpose.  Lloyd's  require  them  in  the  after-holds 
of  raised  quaiter-decked  ships  of  a  certain  size,  when  no  lower  tier  of 
beams  is  fitted,  but  not  if  these  beams  are  fitted.  Now,  apart  from 
strength,  in  this  case,  the  requirements  should  be  the  same.  Neither  is  it 
quite  clear  that  bulkheads  are  not  fitted  as  partitions,  for  when  steamers 
were  first  constructed  it  was  found  necessary  to  partition  off  the  machinery 
space  from  the  rest  of  the  ship.  But  the  facility  with  which  iron  bulk- 
heads could  be  made  water-tight,  suggested  the  advisability  of  making 
them  so,  in  order  to  secure  the  evident  advantage  of  water-tight  sub- 
division. It  is  averred  in  the  paper  that  the  real  cause  of  their  being 
fitted  is  to  provide  safety  to  property  and  lives  at  sea,  but  it  is  doubtful 
if  water-tight  subdivision  would  have  become  common  to  the  extent  it 
has  in  cargo  ships  if  the  working  of  the  ships  had  not  required  bulkheads. 
He  very  heartily  expressed  his  appreciation  of  the  paper,  and,  while 
making  these  remarks,  it  was  only  with  the  view  of  pointing  out  matters 
which  might  require  further  consideration. 

Mr.  F.  Yeoman  did  not  know  that  he  could  properly  discuss  the  paper, 
because  it  was  of  a  highly  technical  character.  He,  however,  thoroughly 
endorsed  the  remarks  of  Mr.  McOlashan  that  it  was  at  least  on  the  high 
road  to  an  exceedingly  good  object,  namely,  the  unsinkability  of  ships. 
In  view  of  a  suggested  insurance  scheme  for  seamen,  he  had  recently  got 
out  certain  statistics  as  to  the  life-loss  in  connection  with  the  mercantile 
marine  of  the  United  Kingdom,  and  thought  it  might  be  interesting  to 
give  a  few  details  as  having  a  bearing  upon  the  subject  under  discussion. 
He  took  it  that  the  object  of  the  writer  was  twofold — first,  the  all- 
important  one  of  lessening  the  life  lost;  and  second,  the  saving  of 
property,  mainly  as  affected  by  collisions.  It  was  on  the  loss  of  life 
that  he  wanted  to  give  a  few  figures.  The  gross  Ufe-loss  (crew)  from 
merchant  vessels  of  the  United  Kingdom  in  the  last  tabulated  year  was 
2,847  lives.  They  were  divided  into  three  classes,  easily  remembered, 
viz.,  (1)  from  wrecks  of,  or  casualties  to,  the  vessel,  962  lives;  (2)  from 
accidents  other  than  by  wreck  of,  or  casualty  to,  the  vessel,  840  lives ; 
(8)  disease,  murder,  homicide,  suicide,  and  unknown  causes,  1,044  lives; 
making  the  total  of  2,847.    2,010  of  these  losses  happened  at  sea,  and 
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B87  in  rivers  nnd  harbours,  Before  the  Roynl  OommiBsion  on  Lobb  of 
Life  at  Sea,  it  would  be  rememljered,  as  compared  with  men  emjiloywl, 
Bailing  vettaels  were  found  to  have  ioHt  donble  the  lives  of  steam  vessels, 
Ab  pertaining  to  colliBionB,  Board  of  Trade  ittatiBtics  were  eiceedinErly 
interesting.  The  avcni^  annual  life-loss  for  the  past  three  years  from 
total  losses  ofvesselsunder  this  beading  was  12-t,viz,,  54  in  sailing  vessels 
and  70  in  steamers.  The  point  he  wanted  to  make  was  that  as  corap!l^^d 
with  the  fnll  total  of  2,847  Uvea  lost  during  the  year,  the  loss  from 
collisions  did  not  seem  to  be  so  serions  as  niight  be  snpposed.  He  mig'ht 
state  in  passing  that  in  the  lust  year  two  steamers  were  lost,  one  with 
51  lives  and  the  other  47;  bnt  the  annnal  average  for  steam  and  sail  for 
the  last  three  years  was  I2-I.  It  wonid  be  bume  in  mind  that  their 
shippiuf;  trade  was  done  either  under  home  trade,  or  foreign  articles  of 
agreement;  the  former  embracing  all  masting  and  home  trading  between 
the  Elbe  and  Brost,  the  iatiter  all  trading  beyond  those  limits.  It  was 
a  most  remarkable  fact  that  last  year  the  whole  home  trade  United 
Kingdom  steamahip  fleet  performed  this  service  for  the  loss  of  but 
one  single  life  under  this  heading.  These  vessels  make  siity  or  seventy 
voyages  in  the  year  from  such  porta  as  the  Tyne  or  Hartlepool  to 
London  and  elsemheroj  or  at  a  fair'  estimat*,  have  an  average  steaming 
by  each  of  something  like  35,000  to  40,000  miles  per  annum.  He 
thought  that  said  very  much  indeed  for  the  rigid  care  and  ever-present 
anxiety  witli  uliieli  Llic  KLi'imnTs  in  tlic  mercn utile  mnrine  muft  be  na\-i- 
gated.  Similarly,  the  United  Eii^dom  merchant  sailing  ship  fleet  in  the 
same  home  trade,  or  to  collisions,  were  only  responsible  for  six  lives,  or  seven 
lives  in  the  a^regate  of  the  home  trade  for  the  whole  year  in  both  sail 
and  steam  1  Perhaps  it  was  but  natural  that  in  the  consideration  of  such 
a  question  the  general  pnblic,  and  even  this  meeting,  would  have  in  view 
such  losses  as  that  of  the  "  Utopia  "  at  (Jibraltar,  involving  hundreds  of 
hves.  That  was  indeed  a  sad  occurrence,  but  might  they  not  be  com- 
pelled  to  look  upon  it  somewhat  in  the  same  category,  say,  as  a  Tay 
Bridge  accident  upon  the  railway  ?  Ab  long  as  they  had  traffic  on  land 
and  sea,  it  was  to  be  feared  such  exceptional  accidents  would  now  and 
again  happen,  having  to  rely  upon  fallible  men  and  possibly  failing 
machinery.  Considering  the  conduct  of  their  trade  as  a  whole,  in 
face  of  such  a  record  as  that  jast  alluded  to,  he  thought  they  would  be 
bound  to  admit  that  it  was  exceedingly  well  done.  The  question  of  the 
subdivision  of  steamers  was  a  most  important  one,  and  as  to  whether 
passenger  steamers  ought  to  be  allowed  to  proceed  to  sea,  as  be  saw  in 
the  newspapers  the  other  day,  with  upwards  of  1,400  lives  on  board 
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without  some  such  provision  being  made,  he  was  not  quite  sure.  He  did 
not  know  any  more  important  question  could  engage  the  attention  of 
this  Institution.  One  more  remark  and  he  was  finished.  Some  of  the 
gentlemen  present  came  from  the  Tyne  ports,  and  had  seen  various  phases 
of  shipping.  Some  of  them  who  had  had  sailing  ship  experiences  were  a 
little  afraid  lest  they  might  unnecessarily  interfere  with  the  commercial 
aspect  of  their  steam  shipping.  Perhaps  they  might  be  compelled  to  risk 
some  little  danger,  the  remedying  of  which  might  be  uncertain,  rather 
than  interfere  with  vital  trading  conditions  of  their  mercantile  marine. 
He  himself  remembered  about  250  sailing  ships  being  registered  as 
belonging  to  Hartlepool;  now  there  were  less  than  a  dozen.  He  was 
further  confronted  with  the  feet  that  during  the  last  year  only  10 
British  sailing  vessels  cleared  from  the  Hartlepools,  with  cargo  to  foreign 
ports  or  British  possessions,  but  no  fewer  than  588  foreign  ships  so  cleared 
in  the  same  period.  He  was  just  a  little  timid,  perhaps,  as  to  whether 
there  was  not  a  chance  of  such  a  condition  of  things  being  brought 
about  in  steam  shipping.  The  Newcastle  Daily  Chronicle  often  asked 
the  question  as  to  how  foreigners  worked  steamers  that  Englishmen 
could  not  sail  ?  It  was  perfectly  clear.  He  had  had  occasion  the  other 
day  to  note  the  wages  of  a  new  foreign  steamer,  and  found  they  were 
40  per  cent,  less  than  that  of  a  British  vessel  of  the  same  size.  Again, 
they  had  the  load-line,  as  to  which  the  foreigners  run  perfectly  free. 
Under  the  Merchant  Shipping  Act,  1876,  sailing  from  United  Kingdom 
ports  they  are  amenable,  but  in  practice  they  are  not  interfered  with 
by  the  Board  of  Trade  detaining  officers,  although,  by  comparison, 
loading  much  deeper.  These  were  facts  the  English  shipowner  had  to 
feoe.  From  the  Tyne  4,227  British  and  1,664  foreign  steamers  cleared 
in  1889.  Prom  Sunderland  808  British  and  489  foreign  steamers,  no 
inconsiderable  factor  in  trading  from  either  port.  The  clearances  from 
the  whole  of  the  United  Kingdom  in  that  year,  of  sailing  ships  were : — 
British,  5,489;  foreign,  10,695.  Steamers— British,  29,213;  foreign, 
9,198;  total,  88,411.  It  might  be  urged  that  foreign  steamera  were 
of  comparatively  small  size;  but  whilst  the  similar  sized  British  were 
running  under  heavy  restrictions,  the  foreigners  were  running  perfectly 
free  of  such  restrictions. 

The  President — Can  you  say  what  additional  percentage  a  steamer 
not  under  the  Board  of  Trade  restrictions  as  to  load-line  may  carry  ? 

Mr.  Yeoman — If  you  take  one  of  our  ordinary  steamers,  built  in 
1882-88,  sold  to  a  foreigner,  she  will  carry  100  to  140  tons  more  cargo. 
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The  President — What  additional  percentage  would  that  be — 10  per 
oeot? 

Mr.  Yeoman — Not  quite  10  per  cent.,  but  he  Bhoald  think  at  least  7 
per  cent.;  this  cairyiiig  of  coiiroe,  important  at  any  time,  but  all  import- 
ant in  times  of  depression,  when  British  Btcamers  were  not  only  not 
nuking  money,  but  were  actually  running  at  a  Iobs.  He  knew  of  steamers 
owned  in  that  port,  which,  from  being  new,  were  marked  at  abont  1  foot 
6  inchea,  having  always  sailed  safely.  They,  were  now  officially  marked 
at  about  1  foot  11  inchea  in  summer  and  2  feet  2  inches  in  winter. 
That  represented  at  least  IdO  tons,  whilst  he  did  not  think  the  foreigner 
woold  stop  where  the  EngiJahmau  would  to-daj  voluntarily  do  so.  He 
truBted  the  commercial  aspect  and  necessity  of  their  steam  shipping  in 
those  days  of  hard  competition  would  not  be  lost  sight  of  in  the  further 
discussion  of  this  very  valuable  paper. 

Mr.  W.  Meszies  observed,  in  regard  to  what  the  last  speaker  hud 
said  with  respect  to  the  draught  of  foreign  ships  in  comparison  with 
English  old  ships,  that  sometime  since  he  was  superintending  th<>  bnild- 
ing  of  sttianiers  for  a  foreign  owner.  Lloyd's  mark  was  put  on  them  to 
ciuTy  1,800  tons.  The  vessels  left  to  be  loaded  at  a  neighbouring  port, 
and  on  the  way  ronud  Lloyd's  mark  was  taken  off,  and  the  vessel  actually 
loaded  2,200  tons. 

The  rsESiDEST — That  would  be  over  23  per  cent.  ? 

Mr.llENZiES — Something  like  that.  If  this  is  thought  an  exaggeration 
I  can  call  upon  some  gentlemen  who  are  pi-esent  to  corroborate  the  state- 
ment. 

Mr.  MusD  said  he  happened  to  engine  these  vessels — fonr  of  them. 
He  might  say  they  burnt  a  couple  of  tons  of  coal  per  day  more  than  tbey 
were  expected  in  comparison  with  similar  vessels.  When  they  investigated 
the  matter  they  fonnd  it  was  the  tieavy  cargo  that  was  doing  it. 

On  the  motion  of  Mr.  Fotheboill,  seconded  by  Mr.  Macoli^  the 
discnssion  was  further  adjourned,  the  President  remarking  that  the 
question  of  load-line  naturally  arose  ou  Mr.  Petree's  paper  on  "The  Basia 
of  Ships'  Scantlings." 
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By  harry  gray. 


[Rbad  bbfobb  thb  Institution  in  Wbst  Habtlbpool,  Afbil  25th,  1891.] 


In  all  details  of  the  steam  engine,  strength  and  simplicity,  combined  with 
eflBciency,  are  the  chief  aims  of  the  engineer ;  and  in  dealing  with  the 
steam  boiler  the  same  requirements  are  necessary.  Strength,  to  with- 
stand the  strains  of  the  working  pressure;  simplicity,  so  that  opportunities 
for  accident  may  be  lessened,  and  facilities  for  examination  and  repairs 
increased ;  every  detail  contributing  to  the  efficient  working  of  the  boiler. 

The  steam  engine  without  the  boiler  is  useless  ;  hence  the  boiler,  with 
its  attachments,  demands  our  careful  and  constant  attention. 

The  various  details  of  construction  received  in  days  gone  by  a  most 
minute  consideration,  resulting  in  an  almost  complete  exemption  from 
iailm'e  from  this  source ;  but  at  the  present  time,  with  the  high  and 
increasing  working  pressures,  other  sources  of  danger  have  become  inten- 
sified, especially  *'  shortness  of  water  through  a  false  indication  of  the 
water-level  by  the  water-gauge."  The  glass  water-gauge  afiFords  the 
simplest  and  most  accurate  means  of  "  showing  "  the  level  of  the  water  in 
the  boiler,  and  is  that  generally  used  for  that  purpose. 

In  the  steam  boilers  of  the  Egyptians,  200  B.C.,  as  in  those  of  the 
pioneers  in  steam  of  the  twelfth  and  sixteenth  centuries,  the  water-level 
was  not  a  source  of  much  trouble,  as  it  was  maintained  by  gravitation,  a 
tank  placed  either  beside  or  above  the  boiler  with  a  pipe  leading  from  one 
to  the  other.  At  this  time  steam  was  used  only  as  a  means  of  producing 
a  partial  vacuum  to  allow  the  atmospheric  pressure  to  come  into  force, 
hence  little  or  no  pressure  was  employed  in  the  boilers  above  that  of  the 
atmosphere.  But  with  the  rise  of  working  pressure  the  system  of  supplying 
the  feed-water  through  a  pipe  without  any  means  of  preventing  the  pres- 
sure overcoming  the  head  of  water  in  the  feed  tank  was  a  source  of  trouble 
necessitating  the  employment  of  other  means  for  feeding  the  boiler.  Thus, 
about  the  end  of  the  seventeenth  and  the  beginning  of  the  eighteenth 
centuries  we  find  Savory  employing  gauge  cocks,  fitted  on  the  side  of  the 
boiler,  one  above  and  one  below  the  desired  water-level,  or  placed  on  the 
top  of  the  boiler,  with  internal  pipes  terminating  at  different  levels. 
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Gai^e  cocks  eeem  to  have  been  in  general  use  from  this  time,  but  it 
was  not  notil  atoam  was  used  directly  as  a  motive  power  that  the  working 
pressure  was  raised  to  such  an  extent  as  to  draw  the  attention  of  ei^meera 
to  the  impoitance  of  the  wat^r-lerel  in  the  boiler.  At  this  thne  James 
Watt's  inventive  mind  conceived  the  idea  of  connecting  two  gau^  cocks 
by  a  glass  tubt%  and  iu  about  1780  there  appears  the  flret  record  of 
the  glass  tube  water-gauge.  Fig.  3,  Plate  XLIX.,  is  an  enlarged  repro- 
dnctioD  uf  a  print  of  this  gauge.  The  experience  of  to-day  coQQrms  the 
necessity  of  having  this  or  some  other  means  of  accurately  indicating  the 
position  of  the  water-level  at  all  times,  and  under  all  circumstancee.  It 
is,  in  fact,  essential  tu  the  safe  working  of  tbt!  steam  boiler. 

In  Soaton's  Manunl  of  E/tz/iiteeritu/  the  position  of  the  gauge  glass  is 
arrived  at  by  allowing  f^ths  ot  an  inch  per  foot  diamtiter  of  the  boiler 
between  the  combustion  chamber  tops,  or  highest  point  uf  beating  surface, 
and  the  lowest  wat«r-Icvel  visible  in  the  glass.  But  in  the  case  of  boilers 
in  steamships  and  other  hoating  vessels,  variations  in  the  draught  between 
the  lore  and  after  ends,  as  well  as  "  listing "  of  the  vessel,  affects  the 
relation  of  the  water-level  in  tlie  boiler  to  the  highest  point  of  the  heating 
BuWace.  The  following  tables  give  the  variation  of  the  water-level  in  the 
boiler  per  loot  variation  of  the  trim  of  the  ship,  the  length  of  the  water- 
level  being  taken  as  from  the  glass  of  the  water^auge  to  its  opposite 
extreme  in  the  boiler.  Conseqnently,  the  farther  the  glass  is  removed 
from  the  boiler  the  greater  the  variation. 

TABLE  A. 
Vaeiatiosh  Br  ALTBtiTios  or  DaAroHT  at  Fobs  ahd  Aftbh 


) 


.WJi 

PoBi  AND  Arr  Vaxutidn  of 

DiughtotShiri.i          Walec  in  BoUer. 

100 

Ifoot 

■12  inches  per  foot.. 

ISO 

■08      „ 

200 

1     ,. 

■ofi    „ 

260 

■048    „          „ 

>80U 

■04      .. 

400 

1     ., 

■03      „ 
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TABLE  B. 

Vaeiation  by  "List"  of  Vessel. 


Breadth  of 
Ship  in  Feet. 

Vabiation  of 

List  of  Ship. 

Water  in  Boiler. 

30 
35 
40 
45 

Ifoot 

1     » 
1     „ 
1     „ 

•4  inch  per  foot. 
'35        ,)        „ 

*3              »            y, 

•26 

As  an  example,  a  ship  250  feet  long  proceeded  to  sea  12  feet  by  the 
stem.  The  water-level  from  the  gauge  glass  to  the  extreme  end  of  the 
boiler  being  18  feet,  therefore  12  x  18  x  "048  =  10*3  inches  was 
the  diflFerence  between  the  water-level  in  the  boiler  and  the  water-level 
when  the  ship  was  on  an  even  keel.  Therefore  10^  inches' of  water  in 
the  gauge  glass  on  the  after  end  of  the  boiler  would  be  the  lowest  safe 
water-level. 

Again,  a  ship  35  feet  beam  has  3  feet  list,  she  has  two  boilers  13  feet 
diameter  placed  fore  and  aft,  with  a  water-level  11  feet  across.  Here 
11  X  3  X  '35  =  11*55  inches  variation.  The  gauge  glass  being  placed  on 
the  centre  line  of  the  boiler,  11*55  -f-  2  =  5*77,  or  5|  inches  of  water  in 
the  gauge  glass  to  maintain  the  least  amount  of  water  over  the  wing 
tubes  and  combustion  chamber  tops  compatible  with  safety. 

These  facts  show  that  in  placing  the  water-gauges  on  boilers  in  steam- 
ships, due  allowance  should  be  made  with  regard  to  the  average  tnrtt  of 
the  ship,  both  load  and  light,  especially  in  vessels  with  the  boilers  right 
aft,  in  consequence  of  their  being  so  much  by  the  stern  when  in  ballast. 
When  the  gauge  glass  is  at  the  fore  end,  this  evil  is  avoided,  as  that  is 
the  lowest  point  of  the  water-level.  In  order  to  avoid  exposing  the  wing 
tubes  and  combustion  chamber  tops  through  a  list  of  the  vessel,  which 
tends  to  cause  leaky  tube  ends,  if  not  collapse,  the  practice  of  sloping  the 
rows  of  tubes  in  the  wing  boxes  should  be  encouraged. 

Glass  water-gauge  mountings  are  fitted  in  two  ways  to  the  boiler, 
either  direct  on  to  the  shell  or  end  plate,  or  else  mounted  on  a  standard 
of  cast  iron  or  brass,  being  either  screwed  in  or  jointed  with  a  flange  and 
studs. 

When  the  gauges  are  placed  direct  on  the  boiler,  internal  pipes  should 
be  fitted,  that  leading  to  the  water  space  terminating  in  some  part 
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unaflfected  by  the  ebullition  of  the  water,  and  that  to  the  steam  space,  so 
as  to  be  nnaffected  by  any  rush  of  steam  through  the  steam  dome  necks, 
or  the  stop  and  safety  valves,  which  would  tend  to  reduce  the  pressure 
above  the  water  in  the  gauge  glass,  producing  a  false  water-level  higher 
than  it  really  is  in  the  boiler.  All  internal  pipes  should  be  not  less  than 
1  inch  or  Ij  inches  diameter,  and  free  from  all  bends  likely  to  encourage 
the  deposit  of  mud  or  scum,  or  to  prevent  the  free  passage  of  steam  or 
water. 

When  the  gauges  are  placed  on  standards,  and  connected  to  the  steam 
and  water  spaces  of  the  boiler  by  external  pipes,  shut-oflF  valves  or  cocks 
being  fitted  between  them  and  the  boiler,  opportunities  are  afforded  for 
examining  and  repairing  the  pipes  and  water-gauge  mountings  whilst  the 
boiler  is  under  steam  (Figs.  1  and  2,  Plate  XLVIII.).  In  such  an  arrange- 
ment there  must  be  only  one  communication  between  the  steam  and 
water  spaces,  and  that  must  be  through  the  gauge  glass  itself,  a  hollow 
standard  affording  a  communication  between  the  steam  and  water  spaces, 
independent  of  the  gauge  glass,  renders  the  water-level  in  the  glass  less 
sensitive,  and  makes  the  testing  of  the  passages  and  gauge  glass  more 
complicated.  This  has  been  a  frequent  source  of  disaster.  Whilst  the 
placing  of  the  test  cocks  on  the  hollow  standard  renders  them  absolutely 
useless,  as  affording  no  reliable  test  of  the  water-level,  without  a  means 
be  provided  of  readily  proving  whether  the  top  and  bottom  cocks  and 
pipes  are  clear. 

In  December,  1880,  the  combustion  chamber  tops  of  the  S.S. 
"Albion"  were  l)roii<^^ht  down  by  shortness  of  water,  althouf^h  at  the 
time  of  the  explosion  the  water  was  showing  more  than  full  glass  in  the 
gauge,  and  all  the  three  test  cocks  showed  water.  In  this  case  the  water- 
gauge  mountings,  as  well  as  the  test  cocks,  were  fitted  on  a  hollow 
standard.  I^xamination  showed  that  the  steam  pipe  had  become  choked, 
probably  by  the  scum  on  the  surface  of  the  water  being  lifted  into  it 
when  priming  took  place.  On  account  of  this  obstruction  in  the  pijie 
tlie  pressure  above  the  water  in  the  gauge  glass  and  standard  \\i\s 
gradually  reduced,  and  the  water-level  in  both  gradually  rose.  The 
engineers  failed  to  carry  out  a  thorough  test  of  all  the  passages,  and 
were  deceived  by  the  test  cocks  and  by  the  gauge  glass.  Trusting  to 
appearances,  the  real  water-level  in  the  boiler  was  allowed  to  become 
lower  and  lower,  until  they  found  there  was  something  wrong  in  the 
combustion  chambers,  which  were  found  to  have  colla])sed.  Had  the 
test  cocks  been  on  the  boiler,  the  water-level  in  the  gauge  glass  would 
have  been  shown  as  I'alse.      Had  there  ))een  no  hollow  standard,  the 
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simple  test  of  the  gauge  glass  mountings  would  have  shown  no  blow 
through  from  the  steam.  The  complicated  double  shut-off  of  the  gauge 
glass  mountings  and  the  boiler  shut-off  cocks  was  not  resorted  to. 
Simplicity  is  the  best  safeguard  against  want  of  knowledge  or  want  of 
thought  on  the  part  of  those  in  charge.  Even  when  the  complete  test 
has  been  applied,  omission  in  not  re-opening  some  of  the  shut-off  cocks, 
especially  those  on  the  steam  side,  is  another  cause  of  trouble,  resulting 
in  a  false  water-level,  as  in  the  case  of  the  pipe  becoming  choked.  This 
was  shown  to  have  been  the  cause  of  the  explosion  of  the  boiler  on  board 
the  S.S.  "Colina,"  in  May,  1890,  where  the  valve  on  the  boiler  end  of 
the  steam  connection  was  not  re-opened  after  testing.  The  same  omis- 
sion is  reported  to  have  taken  place  lately  on  board  H.M.S.  "  Orontes," 
resulting  in  the  disabling  of  the  boiler. 

In  all  glass  water-gauges  the  greatest  danger  lies  in  the  possibility  of 
their  showing  a  "  false  water-level,"  by  which  those  in  charge  may  be 
deceived  unless  they  are  always  on  their  guard.  In  some  cases  this  defect 
is  more  likely  to  occur  than  in  others,  through  defective  leads  of  the  pipes 
and  impurities  in  the  water  in  the  boiler.  When  the  pipes  are  lead 
horizontally,  or  are  bent  down  and  then  up  again,  opportunities  for  the 
deposit  of  mud,  scum,  and  the  like,  are  afforded,  and  a  drop  or  syphon 
bend  in  the  steam  connection  has  been  known  to  form  a  water-trap, 
resulting  in  a  false  water-level  through  the  steam  being  condensed  until 
the  water  so  produced  caused  a  reduction  of  the  pressure  above  the  water 
in  the  glass,  which  consequently  rose  above  the  true  level  of  the  water  in 
the  boiler.  The  stoppage  of  the  water  connection  is  of  rare  occurrence 
on  boilers  on  board  of  steamships,  as  the  absence  of  the  water  from  the 
gauge  glass,  after  even  the  simplest  test,  at  once  gives  warning  that 
something  is  wrong;  but  the  partial  stoppage,  preventing  the  free  motion 
of  the  water,  is  frequently  the  cause  of  an  undue  steadiness  of  the  water 
in  the  gauge  glass.  The  stoppage  of  the  steam  connection  is  the  most 
common  cause  of  false  water-level,  and,  as  shown  in  the  cases  of  the  S.S 
"  Albion,"  S.S.  "  Colina,"  and  others,  leads  to  the  most  disastrous  results. 
Priming  is  the  sreneral  cause  of  stoppage  in  these  cases,  the  scum  being 
lifted  from  the  water  at  such  times  is  deposited  everywhere,  part  being 
carried  into  the  steam  pipe  connection  to  the  gauge  glass,  the  pipe  becomes 
gradually  choked,  its  area  being  reduced  from  time  to  time,  until  finally 
it  is  closed  up ;  meanwhile  the  pressure  above  the  water  in  the  gauge 
glass  has  been  gradually  reduced,  the  water-level  as  shown  in  it  has  also 
idsen  above  its  true  position,  a  full  glass  and  more  being  the  final  result, 
as  in  the  cases  mentioned.    Upon  the  true  realisation  of  the  facts  of  such 
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a  casfl  the  safety  of  the  boiler  dependa.  Tf  the  engineer  is  miBled,  and 
blows  the  water  in  the  boiler  down,  an  eiploaion  is  aure  to  follow  ;  if  he 
lets  the  water  alone,  he  may  expect  the  same  result  at  any  moment,  nnless 
he  at  once  proceeds  to  find  out  by  thoroughly  testing  the  true  water-level. 
ITnder  the  best  circumatuncea  this  is  too  often  a  long  and  unpleasant 
ttuk,  entailing  a  lot  of  climbing  about ;  consequently  it  is  not  made  nse  of 
08  often  SB  it  should  bo,  if  it  is  done  at  all.  Again,  when  priming  occurs 
the  engineers  are  generally  kept  busy  attending  to  the  engines,  and  have 
but  little  time  for  such  a  test ;  hence  the  net«asity  for  some  means  by 
which  the  thorough  and  complete  teat  of  the  whole  of  the  water-gange 
connections  may  be  simplified,  and  by  which  it  shall  be  impossible  to 
apply  any  partial  or  incomplete  test.  Figs.  1  und  2,  Piste  XLVIII.,  repre- 
sent two  methods  of  testing  the  water-gauge  and  all  its  connections 
without  closing  any  of  the  valves  or  cocks  connected  with  the  gauge  glass 
except  the  one  fitttnl  between  the  boiler  and  the  pipe  leading  from  the 
water  space,  wliich  are  being  introduced  by  Messrs.  Smith  Bros.  &  Oo., 
of  Nottingham.  In  Fig.  1,  Plate  XLVIII.,  this  result  is  effected  by  a 
cock  (Fig.  i,  Plate  XLIX.),  having  two  passages  through  the  ping,  each 
independent  of  the  other,  one  beii^  horizontal,  and  the  other  vertical 
from  the  side  down  through  the  bottom  of  the  plug.  This  mode  of 
construction  protects  the  snrface  of  the  plug,  and  also  the  shell  of  the 
cock  ftom  ttie  action  of  the  water  and  any  impuritit«  contained  in  it,  as 
niider  tlie  onliiim'  '■■mditinii-  iln;  horiz'-'iit;.!  jmssit^'L-  \x  opi'n.  Its  iiction 
is  simple  and  complete,  one-quarter  turn  in  either  direction  closing  the 
pasB^e  on  the  one  side,  and  on  the  other  opening  communication  by  the 
vertical  passage  in  the  ping  to  the  atmosphere.  Consequently,  by 
alternately  turning  it  a  quarter  of  a  turn  in  each  direction  all  the  passages 
from  the  steam  and  water  spaces  are  blown  through  alternately,  and  a 
complete  teat  is  applied.  In  Fig.  2,  Plate  XLVIII.,  the  same  resolt  Is 
obtained  by  a  valve  arrangement,  consisting  of  two  small  valves  fitted 
one  on  each  side  of  the  main  valve  (Fig.  6,  Plate  XLIX.),  so  that  when 
the  communication  is  divided  by  closing  the  main  valve  all  the  passages 
of  the  water-gauge  can  be  blown  through  from  the  steam  and  water  spaces 
by  opening  the  small  teat  valves. 

When  the  water-gauge  monntings  are  fitted  direct  to  the  boiler  the 
same  liability  to  their  becoming  choked  has  to  be  contended  with,  and 
they  are  also  subjected,  too  frequently,  to  a  simple  blow  through,  instead 
of  the  double  shut-ofi'  teat.  One  arrangement  to  ensure  such  a  test  being 
always  applied  is  shown  in  Fig.  6,  Plate  L.,  of  similar  construction  to 
Fig.  4,  Plate  XLIX.,  by  which  the  steam  and  water  passages  can  only  be 
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tested  alternately  independent  of  the  steam  shut-ofP  cock,  by  one-qnarter 
tnm  each  way. 

The  breaking  of  the  gauge  glass  is  a  firequent  source  of  trouble,  and 
the  flying  pieces  of  glass  and  scalding  water  upon  such  occasions  have 
proved  such  a  source  of  danger  to  those  near,  that  with  the  high  boiler 
pressure  of  the  present  day  this  may  account  for  the  tendency  of  those  in 
charge  not  to  test  the  gauge  glass  if  they  can  possibly  avoid  doing  so. 
The  cause  of  such  breakage  is  certainly  not  the  pressure  itself,  as  ofl&cial 
tests  have  been  made,  and  3,500  lbs.  per  square  iach  have  been  applied  to 
the  gauge  glasses  without  producing  fracture.  A  stronger  force  is  present 
under  the  working  conditions  of  gauge  glasses  on  steam  boilers,  and  the 
higher  the  pressure  the  greater  is  such  action,  namely,  contraction  and 
expansion,  exerting  a  power  that  is  capable  of  causing  fracture  even  in 
the  strongest  metals,  much  less  in  the  case  of  such  a  brittle  substance  as 
glass.  It  has  always  been  the  aim  of  engineers  to  make  allowance  for  the 
expansion  and  contraction  of  metal,  but  in  gauge  glasses  this  rule  would 
seem  to  have  been  neglected,  the  only  provision  made  being  to  prevent 
any  injury  to  those  in  charge  through  the  breakage  of  the  gauge  glass. 
The  plan  usually  adopted  has  been  to  fit  long  rods  to  the  cock  handles, 
using  the  latter  as  a  crank,  enabling  the  engineer  to  work  the  cocks  with- 
out approaching  close  to  the  glass.  But  the  loss  of  power  in  proportion 
as  the  long  handle  and  the  crank  or  short  handle  approach  the  dead 
centre,  requires  such  extra  force  being  applied  that  perfect  control  is  lost, 
resulting  often  in  a  sudden  closing  or  opening  of  the  cock,  bringing  such 
a  shock  to  the  gauge  glass  as  to  cause  it  to  break.  Another  way  is  to 
place  a  ball  or  mushroom  valve  in  the  passages  of  the  water-gauge 
mountings,  which  shall  be  actuated  by  the  rush  of  steam  or  water  upon 
the  breakage  of  the  glass,  closing  the  passage. 

For  this  class  of  automatic  water-gauges  150  patents  have  been  applied 
for  during  the  last  fifteen  years,  60  per  cent,  of  which  have  been  carried 
through,  and  not  half  a  dozen  of  them  are  in  use  at  the  present  day.  Most 
of  these  have  failed  under  the  working  conditions,  the  automatic  valve 
becoming  set-fast  or  acting  when  not  required,  and  remaining  shut,  or  else 
being  the  cause  of  the  passage  itself  becoming  choked  by  mud,  etc.  Only 
two  have  met  with  any  favour,  namely,  Dewrance's  and  HopMnson's. 

Fig.  7,  Plate  L.,  shows  in  section  the  construction  of  Messrs. 
Dewrance's,  of  London,  provision  for  the  automatic  closing  of  both  steam 
and  water  passages  being  made.  In  the  upper  mounting  a  ball  valve  is 
placed  in  a  cage,  which  forms  one  piece  with  the  top  screw  plug,  the  cage 
fitting  closely  around  its  top  edge  into  the  mounting,  the  steam  passing 
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through  two  openinga  in  the  cage  iteelf,  a  large  hole  at  the  aide  forma  the 
seat  into  which  the  ball  valve  is  forced  by  the  rush  of  et^am  upon  tlie 
breakage  of  the  glass.  wiiilsE  fiteam  paaseB  in  a  smaller  quantity  through 
the  small  hole  nt  the  bottom  until  iho  shut-off  cock  is  closed.  In  the 
lower  mounting  the  ball  valve  ia  held  underneath  the  opening  to  the  glass 
in  a  cup-like  arm,  b-j  constructed  that  it  can  only  be  put  in  the  one  way, 
ffhiuh  is  secured  by  a  plug  cap.  In  thia  case  the  ball  valve  is  lifted 
bodily  up  into  the  opening  above  it  leading  to  the  glass,  thereby  prevent- 
ing the  further  escape  of  water. 

Tigs.  8  and  0,  Plate  LI.,  show  in  section  two  forma  of  the  automatic 
gauge  of  Mesarg.  Hopkineou,  of  Huddersfield,  in  which  no  provision  is 
made  for  the  antoraatic  closing  of  the  steam  passage,  it  Ireing  allowed 
an  unimpeded  blow  through.  In  the  lower  mounting  a  mushroom  valve 
is  placed  under  the  opening  to  the  gauge  glass,  being  placed  on  a  cage 
screwed  into  the  mounting  (.Fig.  8),  or  attached  to  the  end  of  the  lower 
drain  cock  (Pig.  9).  The  spindle  of  the  valve  projects  through  the  top 
of  the  cage,  over  which  a  phosphor-bronze  spring  is  placed,  and  secured 
by  (1  nut  on  the  end  of  the  spindle.  Upon  the  breakage  of  the  glass, 
the  rush  of  water  acting  upon  the  projecting  edge  of  the  valve  closes 
it  (Fig.  8),  but  ni>on  the  presBurc  being  removed,  the  spring  ensures  the 
re-opening  of  the  automatic  valve,  and  also  prevents  its  closing  agnin, 
except  n[)on  tlie  rush  of  water  conseqnent  upon  the  fracDure  of  the  gauge 
glass. 

Another  means  employed  by  some  to  atop  the  wholesale  dispersion  of 
the  pieces  of  the  broken  glass  and  the  scalding  water,  is  to  enclose  the 
glass  in  a  brass  tnhe  having  slots  at  opposite  sides  to  enable  the  water  to 
be  seen  ;  whilst  others  employ  a  shield  of  wire  gauze,  or  plate  glass  of  a 
triangular  or  horse-shoe  section  enclosing  the  glass  on  the  iront  and  adeu, 
and  leaving  the  aide  towards  the  boiler  open.  These  shields  also  prove  a 
most  useful  protection  to  the  glass  from  any  external  cooling  influence, 
such  as  cold  air  from  the  ventilators  or  sprays  of  water  from  the  deck. 
But  none  of  these  appliances  afford  any  protection  to  the  gauge  glass 
from  the  main  canses  which  tend  to  its  breaking,  namely,  contraction 
and  expansion  from  inside  influences. 

Under  ordinary  working  conditions  the  water-gange  glass  upon  a 
boiler  working  at  a  pressure  of  160  lbs.  per  square  inch  is  subjected  to  a 
temperature  of  371)  degs.  Fah.  When  the  drain  cock  upon  the  lower 
mounting  is  opened  in  order  to  blow  through  to  test  the  water-level,  the 
pressure  in  the  glass  is  removed,  and  the  temperature  is  likewise  reduced 
proportion,  as  in  the  case  of  steam  the  pressure  and  the  temperature 
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are  dependent  upon  each  other.  Allowing  for  the  heat  transmitted  to 
the  glass  by  the  passing  steam,  the  temperature  of  the  glass  is  suddenly 
reduced  from  370  degs.  Fah.  to  about  240  degs.  Fah.,  and  as  suddenly 
raised  again  upon  the  pressure  being  put  upon  the  glass  when  the  drain 
cock  is  closed.  This  action  is  most  clearly  shown  when  fitting  a  new 
gauge  glass  when  steam  is  on  the  boiler.  Before  putting  the  boiler 
pressure  on  the  glass,  steam  is  allowed  to  blow  through  it,  in  order  to 
warm  it,  after  which  the  drain  is  shut,  and  the  pressure  thus  put  on  the 
glass  raises  its  temperature  to  that  of  the  steam.  It  is  then  that  the 
glass  breaks,  in  the  majority  of  cases,  and  not  before  the  pressure  is  put 
on ;  and  as  the  pressure  itself  cannot  be  the  cause,  the  sudden  increase  of 
temperature,  consequent  upon  increase  of  pressure  causing  the  sudden 
expansion  of  the  glass,  must,  in  the  writer's  opinion,  be  the  cause  of  its 
breaking. 

To  avoid  the  reduction  of  pressure  in  the  gauge  glass  when  testing 
the  water-level  is  a  most  important  point,  especially  with  the  high 
working  pressure  of  the  present  day.  A  drain  valve  loaded  with  a 
spring  to  about  20  lbs.  below  the  boiler  pressure  is  shown  in  Fig.  10, 
Plate  LIL,  and  also  in  Fig.  5,  Plate  XLIX.,  and  Fig.  6,  Plate  L., 
by  means  of  which  the  variation  of  pressure  in  the  gauge  glass  is  reduced 
to  20  lbs.,  with  a  variation  of  temperature  of  only  10  degs.,  with  a  boiler 
pressure  of  160  lbs.  In  order  to  keep  the  valve  shut  a  spindle  is  attached 
to  it  by  a  horse-shoe  connection,  sufficient  depth  being  allowed  for  the 
foot  of  the  spindle  in  the  horse-shoe  to  permit  of  its  being  released  from 
the  valve  without  opening  it,  this  being  effected  by  the  boiler  pressure 
compressing  the  spring. 

The  gauge  glass  is  also  liable  to  fracture  at  times  when  it  has  not 
been  recently  tested,  either  from  outside  or  inside  influences.  When  the 
water  in  the  lower  or  water  connections  has  been  allowed  to  stand  for  any 
length  of  time  it  becomes  cold,  and  consequently  the  pipes  and  connec- 
tions and  the  lower  part  of  the  glass  become  cold  also.  Only  the  surface 
of  the  water  in  the  glass  remains  heated  by  contact  with  the  steam,  the 
lower  part  of  the  glass  being  subject  to  a  temperature  of  220  degs.  Fah. 
or  less,  and  the  upper  part  is  subject  to  a  temperature  of  370  degs.  Fah., 
the  glass  being  under  a  strain  of  unequal  expansion,  due  to  the  variation 
of  temperature  of  150  degs.  or  more  between  its  upper  and  lower  ends. 

The  cooling  of  the  water  connection  between  the  gauge  glass  and  the 
boiler  also  produces  a  false  water-level  in  the  gauge  glass,  lower  than  that 
in  the  boiler  itself,  consequent  upon  the  increased  density  with  diminished 
volume  of  the  water  upon  its  becoming  cold  in  the  pipe  and  still  being 
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nnder  an  eqnilibrinm  of  presenre  with  the  water  in  the  boiler.  Taking, 
for  example,  the  water  exposed  to  cooling  in  Fig.  1,  Plate  XL VIII,,  aa 
5  feet  in  height,  the  preasurt  being  160  lbs.  per  aqoare  inch,  the  water 
in  thfe  boiler  is  at  a  temperature  of  370  dega.  Fah.,  its  heavineaa  being 
65'181b8.  per  cubic  foot,  when  the  water  in  the  connection  pipe  to  the 
water-gauge  has  cooled  down  to  120  dega.  Fah.  throogh  not  having  been 
remoTed  by  being  blown  throngh,  it«  heaviness  having  increased  to 
61*(3  lbs.  per  cubic  foot.  Consequently,  53'4  inches  of  cold  water  in 
the  pipe  will  balance  the  6o  inches  of  hot  water  in  the  boiler,  and  the 
water-level  in  the  glass  is  lowered  6'6  inches. 

The  difficulty  experienced  m  getting  a  gange  glass  to  stand  upon 
replacing  a  broken  one  is  often  attributed  to  some  fault  in  the  glass  iteelf, 
whereas  the  fault  often  lies  in  the  fitting  of  the  mountings.  Where  these 
are  screwed  in,  instead  of  having  a  fiange  secured  by  studs,  this  fault  is 
more  likely  to  occur  on  account  of  the  smaller  diameter  of  the  joint,  any 
difference  of  the  thickneas  of  which  at  one  side  more  than  the  other 
betrays  the  fact  that  such  mounting  is  not  perfectly  square  with  the  boiler 
plate  in  every  way,  conseqnent  on  the  hole  in  the  plate  pot  being  at  right 
angles  to  the  snrfece  of  the  plate.  In  Fig.  12,  Plate  LIII.,  the  water- 
gange  mountings  are  shown  screwed  into  a  boiier  plate  1  inch  thick 
which  is  supposed  to  be  perfectly  straight.  The  upper  mounting  is  shown 
pOTfectly  tme  in  every  direction,  its  centre  line  being  at  right  angles  to 
the  eiiriacc  of  the  platt*.  The  lower  moiintini:  is  not  nhown  true,  the 
hole  having  been  drilled  and  tapped  on  a  slant  downwards  in  the  propor- 
tion of  jj  inch  to  the  inch,  the  joint  of  the  collar  of  the  mounting  2  inches 
diameter,  being  open  in  consequence  ^  of  an  inch  at  the  bottom,  and 
the  monnting  is  therefore  inclined  upwards,  and  the  vertical  centre  line 
of  the  mounting,  wbtoh  should  be  that  of  the  glass,  is  thrown  inwards 
towards  the  boiler.  The  centres  of  the  top  and  bottom  mountings  being 
18  inches  apart,  the  distance  from  the  centre  of  the  bottom  mounting  to 
the  top  of  the  glass  being  17  inches,  consequently  at  this  point  the  centre 
line  of  the  bottom  mounting  is  thrown  out  ^  inch,  or  more  than  half  an 
inch,  simply  because  the  hole  in  the  boiler  plate  is  ^  of  an  inch  oub  of 
truth.  In  order  to  get  the  glass  in  line  with  the  top  mounting  it  is 
brought  against  the  front  edges  of  the  gland  and  gland  nut,  and  if  the 
clearance  already  provided  is  small,  both  these  parts  have  to  be  filed  out. 
It  is  this  nipping  of  the  glands  and  nuts  on  the  surface  of  the  gauge 
glass  (Fig,  13,  Plate  LUI.)  that  so  frequently  breaks  them  when  tighten- 
ing up  the  glands.  If,  when  fitting  up  glass  water-gauge  mountings  in 
steel  bar  turned  a  true  fit  in  the  glands  was  nsed  to  test  the 
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centre  lines  of  the  two  mountings,  this  trouble,  resulting  from  bad  fitting, 
might  be  avoided.  In  the  case  of  the  boiler  of  the  S.8.  "  Gemini,'*  fitted 
with  Dewrance's  asbestos-packed  water-gauge,  which  exploded  in  1889, 
the  engineers  broke  five  glasses  between  CardiflF  and  the  Lizard  on  a 
voyage  to  liOndon.  The  fourth  broke  whilst  tightening  the  glands. 
Having  no  more  glasses,  they  were  reduced  to  two  test  cocks.  The  top 
one  of  these  was  set  fast,  and  the  handle  bent  when  they  tried  to  start  it. 
The  remaining  test  cock  was  only  IJ  inches  above  the  combustion  chamber 
top,  which  collapsed  upon  reaching  the  Downs,  although  water  showed  in 
the  test  cock. 

Fig.  11,  Plate  LII.,  shows  a  class  of  fittings  in  general  use  among 
Gkrman  engineers,  in  which  is  a  valve,  a  hollow  spindle  with  an  eccentric 
cap  nut  on  the  handle  affords  a  means  of  examining  and  cleaning  the 
passage  below  the  valve  in  case  of  need ;  a  coarse  thread  screw  is  employed 
to  open  the  valve  by  half  a  turn  or  less.  Test  valves  are  constructed  on 
the  same  principle,  the  handles  being  weighted  so  as  to  close  the  valve  by 
their  own  weight  on  being  let  go. 

The  packing  of  cocks  by  means  of  asbestos  forms  a  most  important 
feature  in  water-gauges  of  the  present  day,  as  a  means  of  preventing 
leakage  taking  place  and  ensuring  the  efficiency  of  the  cocks.  ¥ig.  4, 
Plate  XLIX.     Fig.  6,  Plate  L.     Figs.  7,  8,  9,  Plates  L.  and  LI. 

In  conclusion,  the  writer  hopes  that  this  paper  will  be  the  means  of 
eliciting  from  sea-going  engineers  of  experience  many  practical  remarks 
which  will  be  of  service  to  the  whole  profession. 


DISCUSSION. 

Mr.  Thomas  Mudd  congratulated  Mr.  Gray  on  having  given  them  a 
paper  on  details.  It  seemed  to  him  that  papers  on  the  mechanical  details 
of  engineering  and  shipbuilding  should  be  encouraged  as  much  as  possible. 
He  should  not  at  all  like  to  discourage  the  reading  of  theoretical  or 
mathematical  papers,  or  speculative  papers  in  regard  to  new  ideas.  He 
did  think,  however,  there  was  very  great  value  to  be  attached  to  papers 
like  that  before  them.  They  all  knew  that  every  individual  engineer  or 
shipbuilder  had  his  attention  particularly  drawn  to  some  detail,  perhaps 
in  the  first  instance  merely  by  some  accidental  circumstance  in  his 
practice,  and  in  that  way  he  came  to  know  more  minutely  about  it  than 
his  neighbours.  It  was  advantageous  in  institutions  like  this  that  he 
should  have  an  opportunity  of  letting  his  fellows  benefit  thereby.     He 
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thoiiifiit  ererj  succesBftil  cigiiidT  and  shipbuilder  coold  trace  hi«  «iicccs! 
to  cnrefQl  attention  U>  details  ratlior  ttwu  to  iiny  brilliant  new  tbeoiy  be 
may  have  struck.  Wliile  bo  beliewd  vnc  shoiild  do  wliat  he  contil  ui  W 
fnllj  alive  to  any  danger  there  might  bo  in  thu  apparatos  he  fitted,  still, 
on  the  other  hand,  they  •difnild  not  eitagKerate  that  danger,  and  lie  conid 
not  help  feeling  in  reading  thia  paper  that  some  slight  esaggeration  of 
dangers  had  been  pnt  forth.  Perhaps  thnt  arow  from  Mr.  Gray's  rt-aii]- 
lection  of  the  fact  that  one  had  sometimen  to  exaggerate  a  danger  four  or 
fivefold  before  some  people  would  see  it  at  ^1,  and  if  that  was  his  object 
he  bad  no  fiirthcr  criticism  about  it ;  but  on  that  particnlar  pniot  be 
(Mr.  Mndd)  wonld  refer  to  the  top  of  page  378,  in  which  he  states,  "  If  tht- 
eugine«r  is  misled,  and  blows  the  water  in  the  boiler  down,  an  erplotion 
M  f,ure  lofoUou!."  He  did  not  think  an  explosion  was  sure  to  follow — 
it  possibly  might — and  very  likely  his  boiler  woold  be  bnmt  and  damaged, 
but  that  an  explosion  wiis  sure  to  follow  was  a  slight  ex^geration.  He 
happened  to  be  one  of  those  guilty  individoals  who  applied  the  hollow 
standard,  and  he  thought  whilst  there  might  be  much  to  be  said  for  the 
new  method  that  Mr.  Gray  had  pat  before  thorn,  of  stopping  the  standard 
off  in  the  middle,  and  leaving  it  only  open  throngh  the  gliias.  they  must 
not  overlook  any  new  dan^jers  that  wonld  bring,  by  the  introduction  of 
two  bends  in  the  standard,  which  would  be  liable  to  beeome  chokod  np. 
Still,  the  plan  was  well  worth  their  consideration.  He  thought  Mr,  Gray 
might  hiivo  callod  iittiMition  tn  the  very  great  impurtanee  of  havinsr  wntrr- 
gauges  and  fittings  large  enough.  He  had  referred  to  the  internal  pipes 
not  being  less  than  an  inch  or  \{  inches,  and  with  as  few  bende  as 
possible ;  but  looking  to  the  fittings  he  had  brought  before  them  he  conld 
scarcely  be  said  to  have  stuck  to  the  rule  he  had  laid  down,  as  he  had 
introduced  bends  where  before  there  were  none,  and  with  regard  to  the 
cccks  he  had  shown  in  the  lower  fittings,  they  seemed  to  have  very  small 
and  crooked  passages,  which  might  get  choked  by  sediment.  On  the 
question  of  the  breakage  of  gauge  glasses,  he  thought  there  was  a  slight 
amount  of  confusion  in  the  paper.  At  one  part  Mr.  Gray  gave  them  the 
impression  that  the  glass  under  ordinary  Use  was  at  its  highest  tempera- 
ture, that  it  was  cooled  greatly  by  blowing  steam  through  it,  and  then 
when  they  turned  the  water  on  ^ain  they  would  suddenly  increase  the 
temperature,  and  break  it.  Then  later  on  he  siiid  the  gauge  was  cooler 
in  ordinary  use,  owing  to  the  cooling  of  the  external  column  of  water, 
and  when  blown  through  they  heated  it  up,  and  when  the  fresh  wat«r 
came  in  they  broke  it  by  again  cooling.  These  two  theories  seemed 
opposed  to  each  other.     He  was  prepared  to  agree  that  the  most  prolific 
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cause  of  broken  glasses  was  sudden  contraction  or  expansion ;  but  they 
should  try  to  find  out  which  of  the  two  theories  was  the  right  one,  as  the 
success  of  their  eflPorts  to  prevent  it  would  depend  on  their  making  a  true 
estimate  of  the  cause.  He  himself  was  disposed  to  believe  that  the  latter 
theory  was  the  right  one.  He  would  also  refer  to  the  statement  on 
page  882,  where  Mr.  Gray  had  alluded  to  the  water-level  getting  6J 
inches  lower  in  the  glass  than  the  level  in  the  boiler,  due  to  cooling  of 
the  external  column.  That  seemed  to  him  an  extraordinary  difference 
of  level  from  such  a  cause,  and  he  knew  of  no  case  where  the  water-level 
had  ever  beea  suspected  of  being  6^  inches  down  due  to  temperature  in 
the  pipe.  On  the  general  point  of  the  use  of  the  open  standard,  he 
would  just  say  that  their  own  practice  was  not  to  use  cocks  at  top  and 
bottom,  but  valves  1^  inches  in  diameter  with  1^  inch  copper  pipe, 
the  standard  having  a  2  inch  clear  way  through  it.  They  had  never 
known  of  any  difficulty  or  danger  or  false  water-line  whatever,  and 
he  thought  that  immunity  from  trouble  was  due  to  providing  sufficiently 
large  openings  in  the  several  parts,  with  less  liability  to  choking.  He 
might  just  mention  that  he  was  not  in  favour  of  such  an  arrangement 
as  Messrs.  Dewrance's  for  shutting  off  automatically  both  steam  and 
water  ends  when  a  glass  broke,  but  only  the  water  end ;  and  for  that 
purpose  they  had  used  a  very  large  number  of  Hopkinson's  arrangement, 
called  Frazer's  patent,  which  had  worked  admirably,  and  given  no  trouble 
whatever. 

Mr.  Tom  Westgarth  observed  that  Mr.  Gray  commenced  his  paper 
by  saying  that  simplicity  was  one  of  the  chief  desideratum.  He  quite 
agreed  with  him,  and  thought  it  would  be  much  better  to  do  away  with 
the  various  pipes,  spring  fittings,  etc.,  and  put  nothing  on  the  boilers 
but  ordinary  fittings  seen  in  Fig.  10,  Plate  LII.  (without  the  spring), 
and  without  any  stand  pipes  whatever.  He  had  known  several  cases  of 
serious  trouble  where  the  long  stand  pipes  had  been  fitted;  he  also 
thought  the  internal  pipes  objectionable.  If  the  stand  pipes  are  fitted 
he  considered  it  better  not  to  fit  the  cocks  at  connection  to  boiler  as 
required  by  Board  of  Trade  and  Lloyd's  surveyors.  His  practice  was 
to  fit  the  gauge  mountings  direct  upon  the  boiler,  and  generally  in 
duplicate,  one  placed  at  each  side  of  the  boiler,  which  got  over  the 
difficulty  mentioned  by  Mr.  Gray  as  to  seeing  the  true  level  when  the 
vessel  had  a  list.  Another  advantage  being  that  if  one  glass  broke  the 
other  was  left,  and  so  the  damage  could  be  repaired  calmly  and  quietly, 
and  with  very  little  trouble. 
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Mr.  J.  E.  STonnART  had  very  few  words  to  say  on  the  subject,  as  Mr, 
Westgarth  had  stated  ewetly  wlial  he  wanted  to  point  oat  concerning 
Bimplicity  of  constmction.  The  author  in  tlie  beginning  of  the  paper 
stated  that  "  the  Tarions  details  of  construction  received  in  days  gone  by  a 
moat  minute  consideration,"  etc,  (pog^e  373),  and  this  he  believed,  bnt  it 
iippCHnid  to  him  that  there  were  nnnecefisary  cum  plications  nowadays  where 
the  fittings  should  be  most  simple.  The  modern  water-gauge  fittings  were 
eomctimes  made  up  of  two  or  threy  patents  when  one  was  gnfScient.  It 
was  unggested  in  the  paper  tlmt  "  intfrnal  pipes  should  be  fitted  not  Icsa 
than  I  inch  diameter  when  the  gauges  were  placed  direct  on  the  boilers." 
Now,  he  was  of  opinion  that  there  was  nothing  more  dangeroua  than  the 
interaal  pipes  in  connection  with  the  water-gaag<',  the  external  pipes  had 
their  dimgers,  bnt  they  could  be  disconnected  and  cleaned,  whereas  the 
internal  pipes  could  not  be  cleaned  when  the  ixiiler  was  undei'  steam.  He 
once  examined  amainboilerwhichmet  withan  accident  at  sea  through  the 
intiimal  pipe  at  the  top  of  the  water-gange  becoming  choked  and  show- 
ing u  full  and  false  glass  of  water,  The  engineer  on  the  watch  being 
anxious  to  know  the  height  of  the  water,  opened  the  blow-off  cock  and 
blew  the  water  out  of  the  bottom  of  the  boiler  until  he  saw  the  water 
suddenly  leave  the  gauge  glass,  and  the  lower  connection  of  the  water- 
gauge  being  below  the  crowns  of  the  furnaces,  the  water  did  not  fall  in 
the  gauge  glass  until  it  had  reacheti  that  dangerous  level,  consequently 
the  farriiiccs  c-illnpsi'd,  Atiothcr  mipli.i|i,  jii,^t  ihn  revfrsi?  f.f  the  fi^nuer, 
came  under  his  notice,  which  was  caused  by  the  external  pipe,  connecting 
the  top  of  the  water-gauge  Lo  the  top  of  the  steam  chest,  becoming 
choked.  In  this  case  the  vessel  had  jost  left  port,  and  the  donkey  boiler 
was  under  steam.  The  engineer  imagined  the  gauge  glass  of  the 
main  boiler  to  be  empty,  consequently  he  turned  steam  from  the  donkey 
boiler  on  to  the  donkey  engine  to  aid  the  main  engines  in  pumping  up 
the  main  boiler,  and  it  did  not  dawn  upon  the  engineer  that  the  boiler 
was  almost  full  of  water  until  the  niain  engines  gradually  stopped.  So 
that  the  man  was  about  to  test  the  boiler  by  hydraulic  pressure  without 
knowing  it.  Then  again,  he  hud  met  with  furnaces  collapsing  in  con- 
^jscquence  of  there  being  a  false  glass  of  water  when  the  top  cock  of  the 
external  gauge  pipe  was  accidentally  closed.  In  his  opinion  there  was  no 
arrangement  so  safe  as  the  water-gauge  fitted  direct  on  to  the  boiler, 
having  flanged  cocks  with  large  openings,  about  1  inch  diameter, 
through  the  plug  nest  to  the  boiler,  and  these  plugs  should  be  fitted  with 
bandies,  which  could  be  closed  automatically,  or  so  arranged  that  the 
engineer  could  shut  them  with  ease.     Cocks  of  the  ordinary  type,  with 
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openings  about  |  inch  diameter  throuorh  the  pings,  should  also  be 
arranged  at  the  top  and  bottom  of  the  gauge  glass  as  well  as  a  drain  cock. 
When  this  was  done  the  water  passages  from  the  boiler  into  the  gauge 
glass  fittings  could  be  tested  at  any  time,  and  there  could  not  be  any 
signs  of  water  in  the  glass  when  the  water  was  below  the  lower  gauge  cock, 
or  say  5  inches  above  the  combustion  chamber  crown.  In  the  locomotive 
engine  the  water-gauges  are  fitted  directly  on  to  the  boiler,  and  they  give 
little  or  no  trouble,  although  the  pressures  are  as  high  as  160  and  180  lbs. 
per  square  inch.  A  great  deal  was  said  about  having  water  in  the  gauge 
glass  unaffected  by  the  ebullition  of  the  water,  but  he  had  the  water- 
gauges  fitted  direct  on  the  boilers  of  two  vessels,  and  at  sea  he  found  it  a 
ffreat  advantage  to  know  exactly  what  was  going  on  at  the  surface  of  the 
water  in  each  boiler.  He  saw  on  the  platform  a  model  of  an  automatic 
apparatus  invented  by  a  member  of  this  Institution  (Mr.  D.  B.  Morison) 
for  closing  the  cocks  of  the  water-gauge  when  the  gauge  glass  broke.  He 
might  say  that  he  was  present  when  this  aiTangement  was  tried  under 
steam.  The  gauge  glass  was  broken  with  a  stick  and  the  steam  and 
water  were  shut  oflF  instantaneously.  The  great  advantage  of  this  auto- 
matic closing  apparatus  was  that  the  various  parts  are  external  and  can 
be  seen  and  adjusted  by  the  engineer  at  any  time.  In  the  model  he 
believed  the  gauge  glass  fittings  are  attached  to  a  standard,  but  the  gauge 
glass  fittings  could  be  placed  direct  on  the  boiler,  then  the  engineer  could 
test  at  any  time  the  water  passages  between  the  boiler  and  the  gauge 
glass.  Water-gauge  fittings  could  be  placed  on  the  back  end  of  the  single- 
ended  boiler  with  ease,  and  he  knew  from  experience  that  they  could  be 
fitted  on  the  side  of  the  shell  of  the  double-ended  boiler  without  much 
trouble.  He  was  therefore  of  opinion  that  water-gauges  should  never  be 
fitted  with  internal  pipes,  and  as  seldom  as  possible  with  external  pipes, 
as  this  led  to  a  great  difference  between  the  level  of  the  water  in  the 
boiler  and  that  in  the  gauge  glass. 

Mr.  B.  G.  NiGHOL  thought  the  speakers  had  said  almost  all  that 
could  be  said  on  this  subject.  He  cordially  concurred  with  the  last  two 
speakers,  and  utterly  and  entirely  objected  to  aU  standards,  and  to  either 
internal  or  external  top  or  bottom  pipes. 

Mr.  E.  Hall-Brown  expressed  the  pleasure  with  which  he  had 
listened  to  Mr.  Gray's  paper,  and  thought  with  Mr.  Mudd  that  they  did 
not  pay  enough  attention  to  details,  that  is,  they  did  not  discuss  their 
details  enough.  He  could  say  for  himself  that  he  had  been  surprised  at 
the  amount  of  thought  that  might  be  expended  on  the  simple  subject  of 
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WHter-gftugea.  Waler-ganges  they  had  been  accnetomed  to  recognise  as 
things  thut  cxistfld,  and  to  Rive  them  very  little  consideration.  He 
lUjreu]  with  ocvoral  of  the  previous  Bpenkera,  that  it  certainly  was  going 
very  far  out  of  the  way  in  looking  for  aimplicity  if  they  adopted  some  of 
tiie  devices  tliey  had  placed  before  them  that  night.  If  they  reqaired 
more  simplicity  in  the  details  of  water-gauge  fittings  they  cerUiuly 
must  noc  travel  in  that  direction.  He  would  be  tncliQed  to  fit  water- 
gau<,'e8  direct  on  to  the  boilers ;  in  (bat  he  agreed  with  Mr.  Studdurt 
and  some  other  speakers.  With  reference  to  the  breakage  of  gauge 
glaseea  there  was  groat  diversity  of  opinion  as  to  whether  the  glass 
WHS  cooled  when  blown  through  or  iiad  been  cooled  before  that  and 
heated  by  being  blown  throngh ;  but  it  was  agreed  that  the  espansion 
by  beat  or  the  contraction  by  comparative  cold  waa  the  cause  of  breaki^e. 
Many  serioua  oecidents  bad  ocourred  since  the  introduction  of  high 
pressures  tlirough  the  breakage  of  gauge  glasses,  and  the  failure  of  the 
u«iial  forma  of  automatic  valves,  and  as  Messrs.  T.  Richardson  &  Sons 
declined  in  all  caaea  to  fit  these  valves,  the  water-gauge  which  they  had 
before  them  (see  Pliite  LIV.)  had  been  designed  by  Mr.  D,  B.  Morison. 
with  a  view  to  minimise  the  esiating  dangers.  The  arrangement  of  cocks 
waa  j'aat  the  ordinary  arrangement ;  in  fact,  if  the  automatic  cylinder 
was  removed  and  the  connecting  links,  they  would  simply  have  the 
ordinary  water-gauge.  There  was  no  ball  valve,  and  no  hidden  device. 
The  fittiQ!^  was  siiiijilc  and  BtraighlConviiid.  Lciivin^'  tin.-  aiiliimatic 
device  out  of  consideration  in  the  meantime ;  the  cocks  conld  be  opened 
and  shut  as  in  the  ordinary  case  without  moving  the  automatic  arrange- 
ment at  all.  The  quadrant  on  the  handles  allowed  this  to  be  done.  The 
automatic  device  consisted  of  a  cylinder  with  a  piston  of  ordinary  con- 
struction, the  piston  rod  and  connecting  link  connected  with  the  two 
cocks  by  the  quadrant  before  mentioned.  The  upper  part  of  the  cylinder 
was  connected  by  a  pipe  to  the  upper  part  of  the  gauge  glass,  the  under 
Bide  of  the  cylinder  connected  to  the  column  in  direct  communication 
with  the  boiler.  In  oi'dinary  circumstances  the  pressure  per  square  inch 
on  each  side  of  the  piston  was  equal,  and  the  piston  being  a  little  less  in 
area  on  the  bottom  side,  due  to  the  piston  rod  passing  through,  the 
pressure  of  the  steam  tended  to  keep  the  piston  at  the  bottom  of  the 
stroke.  The  arraugement  of  pipes  was  also  such  that  any  condenBatioa 
was  automatically  drained,  and  the  pipes  and  cylinder  kept  free.  When 
the  gauge  glass  was  broken  the  pressure  was  at  once  reduced  on  the  top 
side  of  the  piston  and  the  excess  of  pressure  on  the  under  side  forced  up 
the  piston,  which  caused  the  two  cocks  to  be  closed  at  once.    As  Mr, 
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Stoddart  had  said,  the  action  was  practically  instantaneous ;  there  was 
nothing  to  be  seen  but  a  slight  puff  of  steam,  and  under  no  circumstances 
could  anyone  be  scalded.  It  might  be  objected  that  the  mechanism 
would  stick  fast.  He  did  not  think  this  probable  ;  but  if  it  did,  the 
gauge  was  no  worse  than  an  ordinary  water-gauge,  and  if  it  did  act, 
which  he  thought  it  would  in  nine  cases  out  of  ten,  it  was,  he  thought,  a 
very  valuable  device.  It  was  of  very  great  practical  importance  that  a 
reliable  automatic  gauge  should  be  produced,  as  they  all  knew  of  accidents 
occurring  through  the  breakage  of  the  gauge  glass,  in  which  even  life 
might  have  been  saved  by  such  a  fitting  as  this.  In  war  ships  it  should 
be  very  valuable,  as  in  action  the  breakage  of  a  gauge  glass  might  cause 
a  panic  amongst  the  stokers  at  a  critical  time.  As  he  had  before  stated, 
the  arrangement  got  over  the  latent  dangers  of  having  valves  enclosed 
within  the  cocks  or  fittings,  which  being  out  of  sight  were  out 
of  mind,  and  he  agreed  with  Mr.  Westgarth  that  sea-going  engineers 
would  not  look  for  hidden  devices,  but  would  be  quite  content  to  leave 
them  alone  until  some  accident  perhaps  brought  their  existence 
prominently  before  them.  In  conclusion,  he  had  to  regret  that  business 
engagements  had  detained  Mr.  Morison  in  London  and  had  prevented 
him  taking  part  in  the  discussion  as  he  had  intended. 

Mr.  J.  R.  FoTHERGiLL  observed  the  discussion  had  so  fully  treated 
upon  the  principal  features  of  the  paper  that  he  proposed  to  touch  upon 
one  or  two  points  only.  First  of  all,  he  wished  to  say  there  was  one 
point  in  connection  with  gauge  glasses  which  he  thought  Mr.  Gray  had 
overlooked,  and  that  was  the  con'oding  action  of  boiler  water  under  high 
pressure  steam.  He  had  seen  many  glasses  which  had  broken  from  no 
other  cause,  and  some  of  these  glasses  were  corroded  half  through.  Some 
glasses  appeared  to  stand  this  action  better  than  others,  but  he  considered 
great  care  should  be  given  to  their  examination,  so  that  they  might  be 
taken  out  on  the  first  sign  of  corrosion.  There  was  no  question  the 
gauge  mountings  were  in  many  cases  screwed  into  boiler  plates  and 
standards  attached  to  boilers  out  of  Hne,  but  this  was  entirely  due  to  the 
hole  not  being  drilled  true,  and  a.ftuY  the  hole  was  once  drilled  and  tapped 
it  could  not  well  be  altered ;  but  this  difficulty  was  overcome  in  all  first- 
class  shops  by  the  mountings  having  flanges,  when  there  was  no  excuse 
for  their  not  being  in  line.  He  fully  agreed  with  the  majority  of  the 
speakers  that  the  designs  of  the  general  fittings  should  be  of  the  most 
simple  character.  All  complications,  curved,  twisted,  or  irregular  pas- 
sages through  cocks  or  valves  should  rigorously  be  avoided,  and  no  drain 
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pipe  connectioDB  should  be  allowed  to  lead  below  the  floor  or  ont  of  eight. 
He  knew  of  one  case  in  which  tbe  coUnpfling  of  furnaces  waa  due  to  the 
drain  pipee  leading  beJow  the  engine  room  floor.  All  the  cocks  were  very 
leaky,  and  there  waa  a  conBtant  drain  into  the  bilges,  bo  much  so,  that 
the  auxiliary  feed  was  continually  applied  t-o  the  aecumulation  of  scale, 
which  brought  the  furnaces  down.  He  thought  the  double  passage  cock 
designed  by  Mr.  Gray  was  not  without  merit,  and  there  was  much  to  be 
said  in  its  favour,  but  he  suggested  it  yet  required  further  developing  to 
bring  it  to  practical  efficiency.  He  thought,  with  Mr.  Madd,  that  where 
they  got  an  elbow  like  that  shown  by  Mr.  Gray  there  was  a  liability  to 
choking  and  fouling,  which  was  a  weak  feature.  On  the  whole,  he  was 
in  favour  of  the  standard  having  tbe  mountings  fitted  to  it.  He  con- 
gratulated Mr.  Hall-Brown  on  the  very  ingenious  arrangement  which  he 
had  sliown  and  described,  and  he  certainly  thought  there  was  a  good 
future  for  it,  for  it  could  be  applied  to  present  fittings,  which  wna  of 
great  advantage.  Hopkinson'a  arrangement  (Fig.  8,  Plate  LI.),  with 
the  automatic  valve  fitted  at  the  bottom,  was  very  reliable  and  satisfac- 
tory. He  had  several  sets  fitted,  and  altiiough  some  of  them  had  been  at 
work  nearly  three  years  he  had  nothing  bnt  the  most  satisfactory  reports ; 
in  fact,  he  bad  never  received  a  single  complaint.  Mnch  had  been  said 
relative  to  long  connecting  pipes  showing  false  water.  In  two  steamers 
nnder  his  snpervision,  which  had  large  double-ended  boilers,  it  had  been 
necessary,  due  In  soniu  s^K'tinl  titliiigs  In  tlio  boiler  fronts,  to  connect  tbe 
bottom  of  the  standards  by  long  pipes  to  the  boiler  bottom,  in  place  of 
the  very  short  pipes  which  had  immediately  connected  the  standard  to 
the  boiler  front.  After  tbe  pipes  were  well  blown  through  to  give  a  true 
water-level  in  the  glass,  and  then  allowed  to  cool  and  again  blown  throngh, 
it  waa  found,  with  the  cold  pipe,  the  glass  showed  a  iaise  water-level  of 
about  2^  inches  to  3  inches.  This  was  a  fact  and  a  matter  of  considerable 
importance,  and  could  not  be  too  well  known, 

Mr.  C.  J.  Sbahan  said  that  the  discussion  was  exceedingly  interesting, 
but  there  were  two  points  respecting  which  he  would  have  liked  to  have 
heard  a  tittle  more.  The  expansion  of  the  gaage  glass  was  a  matter  of 
considerable  importance.  Some  years  ago  he  made  esperiments  as  to  the 
expansion  of  some  200  water-gauge  glasses,  j  inch  diameter,  with  a 
pressure  of  80  ibs.,  and  found  that  in  two  cases  the  expansion  reached 
as  much  as  /^  inch.  There  was  considerable  difi'erence  in  the  expansion 
shown,  some  glasses  expanding  very  much  more  than  others,  and  be 
believed  it  was  due  to  this  difi'erence  that  occasionally  it  happened  that  a 
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nnmber  of  glasses  broke  one  after  the  other  as  soon  as  they  were  put  in. ' 
This  expansive  power  of  the  glasses  rendered  it  very  important  that  the 
clearance  allowed  for  them  in  the  gun-metal  fittings  should  be  ample,  and 
emphasised  the  remarks  as  to  the  necessity  for  the  fittings  being  in  perfect 
line.  With  reference  to  the  corrosion  of  the  glass,  which  was  a  serious 
matter,  this  could,  to  a  considerable  extent,  be  overcome  by  using  glasses 
with  the  fire-polished  ends,  but  this  interfered  with  their  power  of  ex- 
panding and  contracting  regularly,  and  thus  rendered  them  more  liable  to 
break  by  sudden  increase  or  decrease  of  temperature.  While  it  did  not 
look  quite  so  uniform,  he  thought  there  was  an  advantage  to  be  gained  by 
using  two  sets,  having  the  connections  to  the  boilers  at  different  levels,  as 
he  had  known  cases  where  both  sets  had  been  stopped  at  the  same  time, 
evidently  owing  to  the  scum  or  oily  matter  floating  on  the  water. 
The  discussion  was  then  adjonmed. 
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THE  BASIS  OP  SHIPS'  SCANTLINGS. 


By  J.  PETREB. 


[Rbad  bbfobb  the  Institution,  in  Wbst  Habtlbpool,  Afbil  25th,  1891.] 


In  laying  before  the  members  of  this  Institution  the  following  remarks, 
the  writer's  object  is  that  of  bringing  under  discussion  a  subject  the 
importance  of  which  need  not  be  emphasised,  being  sufficiently  obvious 
to  all  concerned. 

The  subject  has  at  various  times  received  attention  elsewhere,  but  up 
to  the  present  it  has  not  formed  the  special  topic  of  discussion  at  a  meet- 
ing of  this  Institution,  although  our  President  himself — so  recently  as 
the  opening  of  this  session — has  pointed  out  very  concisely  the  necessity 
of  an  improved  system  on  which  to  regulate  the  scantlings  of  ships. 

The  arrangement  recently  made,  by  which  representatives  of  this 
Institution  will  in  future  have  a  voice  in  the  framing  of  Lloyd's  rules 
for  the  construction  of  ships,  not  only  furnishes  a  motive  for  the  appear- 
ance of  a  short  paper  on  the  subject,  but  aflFords  ground  for  the  hope 
that,  amongst  other  matters,  the  basis  of  their  application  to  individual 
ships  will  in  due  time  receive  consideration,  with  a  view  to  amendment. 

Further,  the  inauguration  of  another  corporation  for  the  classification 
and  registry  of  ships  is  in  itself  striking  evidence  of  a  forward  tendency 
in  these  matters,  and  its  progress  will,  no  doubt,  be  regarded  with  all  the 
more  interest  by  this  Institution  now  that  the  latter  is  in  some  measure 
associated  with  the  older  society  of  Lloyd's. 

Lloyd's  present  system  of  numerals  (originally  proposed  by  the  late 
Mr.  B.  Waymouth)  has  now  been  in  operation  for  about  twenty  years, 
previous  to  which  period  scantlings  were  based  upon  the  under-deck 
tonnage  of  a  vessel.  It  is  not  surprising  that  the  latter  method  should 
eventually  prove  unsatisfactory  in  practice ;  for,  however  excellent  as  a 
fiscal  standard,  the  register  ton  is  essentially  unsuited  to  the  adjustment 
of  scantlings.     No  doubt  a  serious  objection  to  its  use  was  the  fact  that 
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cm  olBciaUy  ineasuring  a  ehip  after  she  whs  built,  tJie  aotnal  tonnage  some- 
times proved  greater  tlian  onginaliy  intended,  and  so  placed  the  vessel  in 
a  higher  ^i-ade,  wliich  i-equirod  heavier  soantlings  than  those  adopted  is 
her  conatrnction.  But,  apart  from  tliat  coneideration,  register  tonnage — 
beiui;  solely  a  tiUitement  of  cubical  capacity — is  no  comparative  measure 
of  weight,  exeept  betwuen  ships  of  the  same  class,  and  then  only  within 
certain  limits;  whereas  any  rule  whicli  fails  to  recuguiise  with  reasonable 
nccnracy  the  total  weight  of  a  ship  must  prove  more  or  less  unsuitable  ob 
a  basis  for  Bcantlings  and  equipment. 

Except  as  regai'ds  certain  auomalous  ■'deductions  for  propelling 
power,"  the  register  tonnage  question  bus  been  stitisfaolorily  settled  for 
many  years,  and  sooner  or  later  Lloyd's  rating  for  scantlingB  should  also 
be  placed  on  a  more  equitable  basis  than  at  present.  Each  rnle  mnst  be 
adapted  to  its  own  special  purpose,  for  it  is  equally  important  on  the  one 
hand  to  adjust  a  ship's  dues  by  a  rule  based  upon  her  actual  capacity, 
whiiih  repreaouts  her  eariiicg  power,  and  on  the  other  to  adjust  her 
strei^th  by  a  rule  based  upon  her  actual  loaded  weight,  to  which  the 
maximum  strains  on  tlie  hull  are  directly  proportionate. 

The  numerals  now  in  use  are  so  well  known  that  they  need  no  precise 
deeciiption  here.  For  the  preseut  purpose  a  rough  approximation  is 
sufficient.  Taking  L,  B,  and  i)  to  represent  the  moulded  dtmen^ons  of 
a  vessel,  and  neglecting  form  of  bilge  ami  roaud-iip  of  beam,  we  have : — 

Fii-Bt  numeml  (affecting'  transverse  framiu;:)  =  B  +  2  D. 

Second  numeral  (affecting  longitudinal  framing)  =  L  (B  +  2  D). 

These  expressions  obviously  represent  the  girth  and  area  respectively 
of  the  sides  and  bottom  of  a  box  having  the  same  dimensions  as  the 
ship.  But  the  first  numeral,  by  including  the  depth  twice  and  the  breadth 
only  once,  places  an  undae  restriction  upon  relative  depth,  and  favoara 
one  specific  proportion  of  depth  to  breadth,  viz.,  one-half.  The  question 
as  to  whether  such  proportion  is  desirable  or  otherwise  has  no  beariDg 
upon  the  present  matter.  The  point  at  issue  is  whether  such  a  numeral 
Bhould,  however  slightly,  place  a  premium  on  any  relative  proportion  to 
the  disadvantage  of  others.  Such  wus  surely  not  the  intention  of  those 
who  framed  the  formula.  The  sum  of  breadth  and  depth,  as  adopted  by 
another  registry,  being  unaSected  by  varying  proportions  between  these 
dimensions,  is  distinctly  preferable  for  the  purpose  of  this  numeral, 
which  governs  all  the  transverse  framing  except  beams.  It  would  per- 
haps be  more  consistent  if  floors,  as  well  as  beams,  were  regulated  solely 
by  the  mid-ship  breadth,  instead  of,  as  at  present,  depending  upon  a 
numeral  in  which  the  vessel's  d^th  is  made  the  chief  factor. 
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The  second  numeral,  which  governs  the  scantlings  of  longitudinal 
firaming,  shell-plating,  etc.,  consists  of  the  first  numeral  multiplied  by 
ship's  length.  In  vessels*  of  identical  proportions  this  numeral  would 
vary  as  the  square  of  a  principal  dimension,  the  light  weight  of  ship  as 
a  higher  power,  the  load  displacement  (at  proportionate  draught)  as  the 
cube,  and  the  longitudinal  bending  moment  as  the  fourth  power  of  the 
dimension.  Hence,  in  passing  from  one  plating  numeral  to  the  next, 
both  the  weights  and  strains  involved  (especially  the  latter)  are  much  in 
excess  of  the  ratio  between  those  numerals.  But  confining  ourselves  to 
one  plating  numeral,  it  is  evident  that  on  the  same  dimensions  and 
draught  the  displacement  may  be  large  or  small,  according  to  the  form  of 
the  vessel,  yet  this  possible  variation  has  no  corresponding  effect  upon 
the  numeral  and  scantling.  It  is  true  that  quite  recently  a  special  clause 
has  been  inserted,  offering  an  indefinite  concession  to  ships  of  excep- 
tionally fine  form,  or  for  certain  lighter  classes  of  service.  But,  quite 
apart  from  special  cases,  it  is  reasonable  to  expect  that  varying  displace- 
ment should  be  duly  recognised  as  the  most  important  factor  in  such  a 
numeral,  since  between  the  respective  extremes  there  may  be  very  con- 
siderable difference.  For  instance,  while  the  dimensions,  plating  numeral, 
and  scantlings  of  a  ship  remain  unchanged,  the  displacement  coefficient 
may  be  any  value  between,  say,  "4  and  '8 ;  and  assuming  the  maximum 
bending  moment  to  vary  as  the  displacement — length  being  constant — 
the  factor  of  safety  to  resist  that  stress  would  in  the  latter  case  be  only 
one-half  of  the  former,  therefore  the  same  scanthngs  cannot  fairly  apply 
to  both  ships. 

With  regard  to  the  equipment  of  anchors  and  chains,  the  load  dis- 
placement alone  should  be  the  basis  of  comparison,  whatever  may  be  the 
ship's  dimensions  or  proportions.  To  estimate  the  equipment  without 
considering  the  actual  weight  to  be  held  is  somewhat  (though  not  quite) 
analogous  to  estimating  engine  power  regardless  of  the  weight  to  be 
driven. 

That  there  are  difficulties  in  the  application  of  a  displacement  basis 
cannot  be  denied,  but  they  are  not  insuperable.  Greater  difficulties  have 
always  surrounded  the  load-line  question,  yet  that  problem  is  now  nearer 
a  permanent  solution  than  ever  before. 

The  displacement  is  not  only  the  principal  element  but  also  the  most 
elastic  element  in  a  ship's  design,  and  for  the  latter  reason  alone  ought 
not  to  be  neglected  in  rating  the  scanthngs.  On  the  contrary,  it  is  quite 
as  legitimate — ^and  much  more  important — to  limit  the  displacement 
permissible  with  certain  scantlings,  as  such  a  comparatively  irrelevant 
factor  as  the  midship  girth. 
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Tlioiig)i  the  displucemonl  basia  for  Bcantlings  does  not  necessarily 
involre  an  arbitrary  load-line,  the  convenieat  application  of  the  one 
might — and  probably  would — include  the  other,  in  which  event  the 
maximum  load  druughL  would  become  a  condition  or  classilicatioii  for 
erery  ship,  as  it  has  long  been  for  awning-decked  shipa.  And  bb  in  a 
Teaael  of  the  latter  type  the  approximate  diBplacement  could,  if  required, 
be  submitted  simultaneouHly  with  the  dimensions,  etc.,  it  is  reasonable  to 
infer  tbat  a  airailar  method  might  with  advantage  be  applied  to  other 
classes.  But  when  oiioc  the  reid  element  of  displacement  is  introduced, 
the  arti6ciul  numerals  may  well  be  dispensed  with. 

It  is  not  the  writer's  present  purpose  to  submit  any  amended  forninlEe, 
but  to  suggest,  in  conclusion,  that  some  regulation  based  upon  the  actual 
loud  displacement  would  be  more  consistent  in  its  general  effect  npon 
sliips  of  various  designs  than  the  numerals  now  in  use,  and  would  more 
fairly  represent  the  maximum  stress  contemplated  by  the  registry  in 
assigning  to  the  ship  a  certain  class;  the  principal  factors  to  consider 
being  dimensions,  proportions,  displacement,  type  of  vessel,  and  natnriB 
of  service  In  which  to  be  employed. 


DISCUSSION. 

Mr.  T.  Phillips  said  the  author  of  the  paper  was  to  be  cougratulated 
on  his  boldness  in  venturing  on  a  subject  which  was  thought  to  have 
been  pi-actically  exhausted,  and  it  was  certainly  interesting  to  find  the 
results  summed  up  in  tbe  remark  that  "  it  is  not  the  writer's  present 
purpose  to  submit  any  amended  formula,"  which  he  took  to  mean  that  he 
would  leave,  as  bad  others,  the  ideas  of  scantlings  on  a  displacement 
basis  for  further  discussion  and  investigation.  The  subject  of  the 
method  of  determintug  the  scantlings  for  ships  was  well  worthy  of 
enquiry  at  a  meeting  of  this  kind,  aud  if  any  new  thoughts  on  this 
matter  could  be  set  forth,  he  was  perfectly  confident  there  would  be  no 
hesitancy  on  the  part  of  the  scientific  staff  of  Lloyd's  Roister  to  take 
the  useful  points  into  consideration.  It  might  be  interesting  to  this 
meeting  to  learn  that  the  subject  of  the  scantlings  of  vessels  had  occupied 
the  attention  of  the  Institution  of  Naval  Architects  on  many  occasions, 
and  although  Lloyd's  rules  had  been  criticised  adversely,  yet,  beyond 
mere  expressions  of  opinion,  no  one  bad  ventured  to  formulate  rules  for 
scantlings  embodying  his  particular  ideas  and  fancies.  The  scientific 
staff  of  Lloyd's  Register  had,  however,  given  serious  thought  to  all 
opiuiuns  as  regards  ibe  best  methods  of  lixitig  scantlings,  and,  further- 
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more,  had  formulated  more  than  one  plan,  and  submitted  the  same  to 
builders  where  displacement  was  a  factor  in  determining  scantlings,  and, 
although  approved  by  some,  the  buMders  throughout  the  country  all 
differed  from  each  other  as  to  the  proper  mode  of  Sffecting  this,  while 
the  consensus  of  opinion  was  that  the  displacement  basis  was  inferior  to 
the  existing  system  of  Lloyd's  Register.  In  the  paper  the  writer  pointed 
out,  that,  the  first  number  for  scantlings  by  including  the  breadth  once 
and  the  depth  twice  places  an  undue  restriction  on  relative  depth.  In 
reply  to  this,  it  might  be  stated  that  the  framing  number  obtained  in 
the  manner  described  in  Lloyd's  rules  very  closely  represents  the  propor- 
tionate area  of  the  mid-ship  section,  where  the  breadth  approaches  that  of 
1  to  2,  and  it  was  only  in  exceptional  cases  where  this  proportion 
was  largely  departed  from,  that  any  appreciable  percentage  of  difference 
would  be  found  to  exist.  It  was  also  suggested  that  the  floor  should  be 
regulated  by  the  breadth  alone.  If  this  were  done  then  the  floor  plate 
would  be  required  to  be  the  same  in  all  vessels  of  the  same  depth,  irre- 
spective of  the  type  of  the  vessel,  although  the  dead-weight  carried  would 
vary  considerably  with  the  different  types.  Wirti  regard  to  the  sugges- 
tion that  the  load-line  displacement  should  regulate  the  equipment,  if 
this  were  the  case,  the  amount  of  surface  or  bulk  out  of  water  exposed  to 
the  force  of  the  wind  would  be  neglected.  It  was  noted  that  the  writer 
was  cognisant  of  difficulties  that  arose  in  the  case  of  vessels  when  under- 
deck  tonnage  formed  the  basis  for  the  scantlings.  He  would  therefore 
fully  appreciate  and  no  doubt  be  in  a  position  to  reply  to  the  following 
remarks : — By  the  existing  method,  as  soon  as  the  sketches  of  a  vessel 
had  received  the  approval  of  Lloyd's  Committee,  which  could  be  done 
before  aught  of  the  displacement  was  known,  the  materials  to  be  used  in 
the  construction  could  be  ordered  from  the  manufacturers  forthwith. 
And  there  need  be  no  apprehension  at  any  time  that  the  vessel  was  being 
constructed  with  improper  scantlings.  On  the  other  hand,  until  the 
vessel  was  practically  designed  and  fully  laid  off,  nothing  was  known 
with  any  degree  of  accuracy  of  the  displacement,  and  it  would  be  quite  an 
innovation  in  shipbuilding  matters,  and  a  decided  disadvantage,  if  the 
ordering  of  materials  was  compulsorily  deferred  until  such  a  late  period. 
He  was  induced  to  refer  to  a  remark  vmF  ■^■^Sl^lrjWilliam  John 
at  the  meetings  of  the  Institution  o^  ^^^^^^''HiJ*  ^^^-j 

that,  in  dealing  with  the  question  c^^-  ^^Jfties 

to  be  considered,  if  not  more, 
the  classification  societies, 
country  knew  the  displacem 
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raent  ?  Thwr  owed  for  Um  aurjiaf  o^wdtj  of  their  ahijB,  bnt  they  did 
aoi  oare  far  dw  disptMseoBot  i  md  frajDeatlj,  in  armn^iii^  with  the 
baiMerK  it  vw  dte  caae  that  Uwjr  itipuUted  for  ceruia  dimensions,  the; 
«Upa]««d  fbr  cenuir  earning  capwitr  and  if  aiaa  thej-  were  to  stipalate 
for  dinpfawMiMni  tiie;  woold  tie  tiudr  own  bands,  aod  bave  no  hold 
whaUmt  ov«r  the  boilda*  to  enaire  haTing  tbett  primaiy  object,  viz., 
emjiag  oapkcttT.  folfiUed.  He  would  oondode  by  remarking  that  the 
BOantliii^  H  dctamincd  h;  U'lyd's  mks,  had  giren  aaifcrsai  satisfac- 
tion, and,  M  tbcy  had  iloiwl  the  tea  of  OT«r  twenty  ^years'  experience. 
U  WM  La  him  •  nuUer  of  ntamimMit  Mtisfactinn  that  notbin?  as  yet  of 
ft  tugiUe  charaeter  had  been  mggeaied  to  show  that  Lloyd's  rulca 
had  ittsa  bnilt  ap  on  m  tatpTDper  bm  :  and  he  veotured  tho  opinion 
timt,  OB  aooonnt  of  pnctioal  and  almnt  iBsiiriiuiiiiitable  difficnltiea, 
BhiphaildiB?  nika  vwe  not  bkalj  to  be  improred  or  outde  workable  by 
tbo  JntrwtBOtioo  of  a  new  sjnbaa  for  saantlin^  bnilt  up  on  the  basis  of 
diqibcfmenU  He  had  to  etpreaB  his  thanka  for  the  opportnnity  g^iven 
him  to  make  tbese  rauwrht. 

Mr.  HuOH  Macou.  who  tbongfat  it  would  be  better  to  leave  the  dis- 
cusioD  there  to  tool  members,  sud  the  subject  of  the  p^er  was  oT  u 
Tar;  nsefnl  kind  if  properly  owned  oat,  and  the  snggeedoD  that  disjdace- 
meat  ^a]d  fonu  pan  of  the  diesiScatraa  rake  was,  be  thought,  a  very 
good  ontt.  Baiidis  the  thiw  partMi  Jodkated  as  represented,  there  was 
anollier  J.iarty  ouiiiilt  of  ihcsi'  ihat  might  i«;  lm!]i.<1  t lie  public,  a'priscnttd 
by  the  nudorwr iters,  who  were  also  wonhy  of  being  considered,  and  who, 
on  Lloyd's  Register,  was  very  largely  considered,  uioi«  than  even  the  ship- 
builders or  shipowners.  However,  as  to  the  question  of  displacement  in 
a  new  vessel,  he  did  n^il  think  there  was  uiach  difficolt;  in  getting  ib 
within  a  few  tons.  They  knew  what  it  was  to  be,  and  it  was  an  easy 
matter  for  a  vessel  to  come  within  a  few  tons,  jnst  as  it  was  to  get  the 
present  scantlings.  lie  did  not  say  that  (he  displacement  only,  thongh 
the  displacement  should  form  one  of  the  priocipal  factors  in  the 
construction  of  a  vessel.  Vessels  of  high  speed  were  necessarily  of 
fine  lines,  and  certain  high  speed  vessels  conld  not  be  oonstmcted  nnder 
Lloyd's  mles,  simply  because  they  would  be  over-weighted  with  their 
own  material,  and  be  useless  for  their  intended  trade.  The  great  balk 
of  paddle  steamers,  for  instance,  bad  no  place  in  Lloyd's  Roister. 
They  did  their  work  perfectly  well,  but  if  weighted  with  an  addition 
to  the  hull  they  conld  not  do  the  speed  in  shallow  water.  The  bnlk 
of  the  ship  was  touched  upon  by  Mr.  PhiUipe  as  the  necessary  thine 
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to  be  considered  in  regulating  the  scantlings.  If  the  vessel  was  at 
anchor  certainly  the  bulk  to  be  above  the  water  must  be  considered,  and 
the  displacement  there  was  not  of  such  a  vital  character ;  but  tonnage 
was,  on  account  of  new  practices,  getting  to  be  a  very  unreliable  factor. 
There  had  been  a  great  many  alterations  lately,  and  they  did  not  know 
how  many  more  they  might  get.  It  was  desirable  that  some  finality 
should  be  obtained.  They  had  altered  the  tonnage  by  Board  of  Trade 
new  rules  for  under-deck  by  something  like  100  tons  in  some  vessels, 
and  vessels  having  ordinary  water  ballast  tanks  were  still  liable  to  be  re- 
measured.  A  vessel  in  the  course  of  a  few  years  might  have  three  or 
four  diflPerent  under-deck  tonnages,  whilst  the  displacement  would  remain 
the  same.  One  thing  in  taking  a  displacement  basis  was  very  desirable, 
that  a  very  ftill  ship,  the  **  beast  of  burden,"  should  have  a  larger 
addition  to  her  mid-ship  scantling,  and  this  would  tend  somewhat  to 
counteract  that  desire  of  some  shipownera  to  carry  the  greatest  possible 
dead-weight  on  the  least  quantity  of  material.  The  very  full  ship  in 
stormy  weather  tends  to  strain  a  great  deal  more  than  a  fine  vessel ; 
there  is  more  weight  and  stress  thrown  upon  the  mid-ship  portion  of  the 
girder  in  the  centre,  yet  the  quantity  of  material  is  just  the  same  as  if 
she  carried  a  great  deal  less  and  was  less  punished  by  the  additional 
weight  carried  in  the  ends.  Therefore  he  thought  in  this  direction  there 
was  room  for  improvement ;  and  if  shipbuilders  and  shipowners  were  in 
such  a  dreadful  hurry  as  not  to  be  able  to  wait  till  the  displacement, 
which  could  be  got  approximately  in  a  few  minutes  and  accurately  in  a 
few  hours,  was  ascertained,  they  should  stand  the  consequences.  It 
seemed  to  him  rather  curious  to  hear  objections  to  displacement  when  nil 
the  freeboard  rules  and  tables  were  avowedly  based  on  the  load  displace- 
ment as  the  principal  factor,  and  in  the  case  of  vessels  with  extra  deep 
floors,  double  bottoms,  and  such  like,  allowances  have  to  be  made  to 
obtain  the  normal  tonnage  coefficient,  whereas  the  actual  displacement 
coefficient  would  give  exactly  what  was  wanted  at  once. 

Mr.  A.  McGlashan  said  he  thought  tbe  subject  of  the  paper  more 
fascinating  when  first  stated  than  it  was  after  investigation.  For  years 
it  seemed  to  him  that  the  present  system  of  fixing  scantlings  was 
radically  wrong;  but  experience,  and  investigation,  and  efibrts  to 
improve  upon  the  present  methods  had  convinced  him  that  they  might 
go  further  into  eiTor  by  adopting  the  suggestions  contained  in  the 
paper.  The  displacement  basis  for  fixing  scantlings  was  not  advocated 
now  for  the  first  nor  the  twentieth  time.    As  is  pointed  out  in  the  paper 
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Mr.  W.  T.  CouRTiER-DuTTON  was  not  aware  that  his  colleague  (Mr. 
Phillips)  had  intended  speaking  on  this  subject,  and  he  felt  that  the  wind 
had  been  to  some  extent  taken  out  of  his  sails.  He  would  like,  however, 
to  oflfer  one  or  two  remarks  on  points  not  touched  upon  by  his  friend,  Mr. 
Phillips.  He  thought  they  ought  not  to  lose  sight  of  the  practical  difficul- 
ties against  Jidopting  displacement  as  a  measure  for  determining  what  a 
vesseFs  scantlings  should  be,  and  be  might  be  pardoned  for  saying,  as  a 
Lloyd's  surveyor,  that  these  difficulties  were  presented  to  them  in  a  way 
which  Mr.  Petree  was  unfamiliar  with.  When  a  shipbuilder  submitted 
plans  for  approval,  through  the  local  surveyor,  the  committee  expected  the 
surveyor  to  satisfy  himself  as  to  the  correctness  of  the  dimensions  upon 
which  the  scantling  numerals  were  based,  and  this  he  could  easily  do  from 
the  plans  with  the  help  of  a  pair  of  dividers  and  a  scale,  or  more  correctly 
still  from  the  scrieve  boards  before  the  work  was  commenced;  while  if  the 
element  of  displacement  were  introduced  the  committee  would  hold  the 
surveyor  no  less  responsible  for  its  accuracy,  and  this  would  lead  to  all 
sorts  of  vexatious  delays  to  the  builder,  and  of  which  he  would  be  the 
very  first  to  complain ;  for  the  surveyor  would  either  have  to  go  into  the 
builder's  drawing  office  and  check  the  displacement  calculation  from  the 
lines,  or  he  would  have  to  ask  the  builder  to  submit  a  body  plan  of  the 
vessel,  which  he  (Mr.  Courtier-Dutton)  thought  no  builder  would  care  to 
do.  Mr.  Phillips  had  referred  to  the  paper  by  the  late  Mr.  Denny  on  this 
subject,  and  to  the  remarks  made  by  the  late  Mr.  John  in  the  discussion 
which  followed,  and  he  (Mr.  Courtier-Dutton)  would  like  to  draw  atten- 
tion to  a  point  not  touched  upon  by  Mr.  Phillips.  In  the  earlier  part  of 
Mr.  John's  remarks  he  stated : — "  I  do  not  think  it  (the  displacement  basis) 
will  work,  for  the  reason  that  there  is  nothing  definite  about  it.  Either 
Lloyd's  must  fix  a  load-line  and  get  a  definite  displacement,  and  that  must 
be  a  hard  and  fast  line,  or  else  if  it  is  not  the  correct  load-line  for  the  ship 
then  it  is  a  fictitious  load-line,  and  therefore  a  fictitious  basis  for  scant- 
lings." He  (Mr.  Courtier-Dutton)  thought  that  these  remarks  had  even 
more  force  now  than  when  Mr.  John  uttered  them,  for  we  had  now  to 
administer  a  load-line,  and  this  could  not  be  determined  with  accuracy, 
nor  consequently  could  the  coiTCsponding  displacement  be  finally  fixed  until 
we  had  the  Board  of  Trade  under-deck  tonnage,  which  was  not  obtainable 
until  near  the  completion  of  the  vessel.  To  carry  this  a  little  further,  it 
was  now  optional  with  an  owner  in  the  case  of  a  particular  type  of  vessel, 
almost  at  any  time  after  she  was  built,  to  materially  increase  her  displace- 
ment by  stifiFening  up  the  bridge  bulkhead  and  other  minor  additions, 
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LECTURE  HALL  OF  THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY,  NEWCASTLE-UPON-TYNE,  ON  MONDAY  EVENING, 
MAY   llTH,   1891. 


WIGHAM  RICHARDSON,  Esq.,  Pkesident,  in  the  Chair. 


The  Secretary  read  the  minuted  of  the  preceding  General  Meeting, 
held  in  West  Hartlepool,  on  April  25Dh,  which  were  approved  by  the 
members  present,  and  signed  by  the  President. 

The  ballot  for  new  members  having  been  taken,  the  President 
appointed  Messrs.  Wm.  Boyd  and  H.  Macoll  to  examine  the  voting 
papers,  and  the  following  gentlemen  were  declared  elected : — 

MEMBERS. 

Elliot,   Henry,   Engineer   Draughtsman,  c/o  Sociedad  Anouima,   Astilleros  del 

Nervion,  Bilbao,  Spain. 
Ford,   David,    Engineer   Draughtsman,  c/o   Sociedad  Anonima,  Astilleros  del 

Nervion,  Bilbao,  Spain. 
Hawdon,   Joseph  Y.,   Engineer  to  Messrs.  C.  S.  Swan  &  Hunter,  Wallsend; 

16,  North  View,  Heaton,  Newcastle -on -Tyne. 
Macmillan,  Walter,  Engineer   Draughtsman,  c/o   Sociedad  Anonima,  Astilleros 

del  Nervion,  Bilbao,  Spain. 
Topham,  Henry  George,  Marine  Engineer,  17,  Grafton  Road,  Whitley,  Northum- ' 

berland.  

The  President  remarked  that  he  was  glad  to  see  that  the  Institution 
was  always  increasing  in  numbers. 

The  discussions  on  the  following  papers  were  closed  : — 
On  "The  Unsinkability  of  Cargo-Carrying  Vessels"  (second paper), by 
Mr.  W.  Hok. 

On  "  Water-Gauge  Fittings  for  Steam  Boilers,"  by  Mr.  Harry  Gray. 
On  '*  The  Basis  of  Ships'  Scantlings,"  by  Mr.  J.  Petree. 
The  Closing  Business  of  the  session  then  followed. 
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ADJOURNED    DISCUSSIO:^    ON    MR.    W.     HOK'S    SECOND 
PAPER  ON  "THE  UNSINKABILITY  OF  CARGO-CARRY- 

ma  vessels;' 

The  President  said  they  had  no  papers  to  read  that  evening.  He 
believed  some  members  considered  that  they  had  had  too  many  papei*s 
during  the  session.  They  had  now  three  papers  to  discuss.  There  was 
first  Mr.  Hok's  paper  on  "The  Unsinkability  of  Cargo-Carrying  Vessels," 
discussed  at  some  length  at  the  hist  meeting.  He  did  not  know  if  there 
was  any  gentleman  had  anything  further  to  sa}^  on  the  question,  if  not, 
he  would  call  upon  Mr.  Hok  to  reply. 

MR.    HOK'S    REPLY. 

Mr.  W.  Hok,  in  replying,  said,  in  the  discussions  on  this  paper  at 
Sunderland  and  Hartlepool,  there  was  hardly  any  controversial  matter 
introduced,  consequently  he  hoped  to  be  able  to  make  a  short  reply. 
There  was  just  one  remark  by  Mr.  Doxford  he  would  like  to  refer  to  in 
order  to  obviate  any  misunderstanding.  Mr.  Doxford's  words  were 
these  : — "  The  proportion  of  ships  lost  by  collision  was  so  comparatively 
small  to  the  total  number  of  vessels  built,  that  he  did  not  think  any  ship- 
builder in  existence  would  object  to  fit  additional  bulkheads  lest  the 
number  of  losses  should  be  reduced.  He  hoped  they  all  took  a  much 
higher  view  of  the  great  responsibilities  resting  upon  them."  He  (Mr. 
Hok)  must  point  out  in  justice  to  himself,  that  he  did  not  even  breathe 
the  thought  that  the  shipbuilder  would  object  to  fit  a  sufficient  number  of 
bulkheads  in  ships  to  make  them  practically  unsinkable  ;  what  he  said 
was  merely  this,  that  the  shipbuilder  and  the  insurance  companies  would 
suffer  by  so  doing.  Strictly  speaking,  the  commercial  aspect  of  the  case 
was  not  a  shipbuilder's  matter  at  all,  and  why  he  included  the  shipbuilder 
was  merely  because  he  was  so  closely  connected  with  the  technical  part 
of  the  question,  and  because  this  paper  was  read  before  a  shipbuilders' 
Institution. 

Mr.  Macoll  did  not  agree  with  him  that  it  was  possible  to  constriict 
unsinkable  ships.  There  was  no  need  for  arguing  the  question,  as  it  was 
only  a  matter  of  how  they  defined  an  unsinkable  ship.  If  Mr.  Macoll, 
by  an  unsinkable  ship,  meant  a  ship  that  could  not  be  destroyed,  he  was,  of 
course,  right,  whereas  if  his  ( Mr.  Hok's)  definition  of  an  unsinkable  ship 
was  accepted,  Mr.  Macoll  was  undoubtedly  wrong. 
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Mr.  McGIaaban  entertained  gmre  fears  that  the  further  snbdivieioa 
of  ships  would  iQcrGfiBe  the  tonnage,  and  in  tbia  way  increase  expcnscB. 
From  what  he  knew  n{  the  types  of  ahi|)a,  such  as  the  raised  qnarfer- 
(leck  vessels,  the  switclibaok  vcssHs,  and  the  Rpiir-deck  tcsscIs,  thiit  had 
now  the  proCerence,  it  seemed  to  hira  that  tonnage  had  to  some  extent 
eUrpped  into  the  baekgi-onnd.  Besides,  it  would  be  noticed  that  nothing 
that  he  bad  proposed  in  Ihe  paper  wonJd  increase  the  Iflnnage  of  any 
ship  or  type  one  iota ;  in  fact,  in  no  iustfluce  wub  snch  »  conree  needed. 
Then,  again,  they  conld  not  agree  on  the  purpose  for  which  bulkheads 
were  fitted.  What  lie  niatntniued  was  tiiia,  that  water-tight  bulkheads 
were  compulsory  in  ahips  for  the  sake  of  providing  safety,  and  ho  saw  no 
reason,  so  far,  to  alter  bis  opinion.  It  was  evident  that  water-tight 
hnlkheiidB  provided  tranaverso  ntrength  (they  oould  not  help  it),  bnt  they 
were  not  put  there  for  this  pnrposo.  If  so,  they  were  the  clumsiest  and 
most  expensive  wutrivauceB  over  invented  for  a  certain  piirjiose,  and  did 
credit  to  no  one ;  and  tJie  fact  mentioned  in  the  pitpci'  that  the  \'eBaela  that 
were  more  huble  to  transverse  alteration  of  fonn  than  any  other  vessels, 
i,f.,  sailing  vesaelfl,  ilid  not  require  bulklicada  proved  clearly  that  the 
hnlkhcada  in  steamers  wer<!  put  tbeiv  for  other  piirjioses  tliiui  strength, 
it  was  easy  to  prove  that  the  winpnlsory  bnlkbeads  were  n"t  fitted  for 
the  purpose  of  forming  parlitiotis.  All  shipbuilding  practice  wont  against 
ihat  contention.  Wlm  ever  put  in  -./n  inch  plating,  and  stiffeners  of  the 
same  strength  as  frames  when  it  was  the  question  of  putting  in  a  partition 
balkbead  ?  And  then,  again,  Mr.  McGlasban  said  that  "  it  was  doubtful  if 
water-tight  eubdiviaion  would  have  become  common  to  the  extent  it  had 
in  cai^  sliips  if  the  working  of  the  ships  had  not  required  them."  He 
never  thought  they  required  bnlkbcads  in  order  to  facilitate  the  working 
of  ships ;  on  the  contrary,  he  thought  that  the  real  reason  why 
bulkheads  were  objected  to,  was  their  property  of  increasing  the  diiHculty 
of  stowing  and  working  the  ships.  And  what  about  sailing  vessels 
without  any  bulkheads  at  ail  ?  They  would  be  difficult  to  work  if  Mr. 
McGliishan's  contention  was  right ;  so  therefore  he  was  bound  to 
maintain  his  opinion  that  water-tight  bulkhe;ida  were  fitted  for  the  purpose 
of  providing  safety,  and  not  for  strength,  or  for  the  purpose  of  serving  as 
partitions ;  of  course,  once  fitted,  they  could  not  help  serving  the  pur- 
poses of  both,  and  that  fact  was  also  taken  advantage  of  by  the  builders 
ns  was  well-known.  Mr.  McGlasban  had  also  pointed  out  that  in  some 
cases  the  holds  would  be  so  small,  and  the  bulkheads  come  so  close 
together,  that  there  would  be  more  danger  of  a  bulkhead  being  injured 
than  the  writer  admitted.     This  was  perfectly  trne,  and  he  was  aware  of 
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it,  but  it  must  be  understood  that  the  subdivision  found  in  Tables 
XIV.  and  XV.  (pages  349-351)  was  the  minimum  subdivision  required 
for  ships  at  their  present  load  draughts.  What  he  fyroposed  in  order  to 
improve  ships,  that  it  was  practicable  to  improve,  was  found  on  page  34^6. 
It  was  impossible  to  make  small  vessels  as  they  now  were  uusinkable. 
To  them  thev  required  to  apply  a  radical  cure,  which  would  be  super- 
ficially mentioned  later  on. 

Mr.  Yeoman  gave  them  some  very  interesting  statistics ;  but,  while 
they  must  be  greatly  obliged  to  him  for  the  interesting  statistics  he 
repeatedly  took  the  trouble  of  laying  before  them,  they  must  not  forget 
that  statistics  were  the  most  powerful  weapons  to  prove  or  disprove 
anything  they  liked.     Of  course  he  did  not  hereby  question  for  a  moment 
the  accuracy  of  his  figures.    They  seemed  to  prove  that  the  loss  of  life 
at  sea  was  so  small  that  the  present  state  of  things  with  regcird  to  safety 
was  good  enough.     They  ulso  showed  that  sailing  crafts  accounted 
proportionally  for  a  greater  number  of  lives  than  steamers,  and  therefore 
proved  at  all  events  that  sailing  vessels  should,  in  order  to  be  placed  on 
equal  footing  with  other  vessels,  be  made  safer  and  more  seaworthy.     To 
Mr.  Yeoman's  statistics  he  begged  to  add  the  Board  of  Trade  returns  of 
losses  for  the  year  1888-89,  in  the  British  mercantile  marine.    Total 
losses  at  sea  amounted  to  753  vessels,  or  234,000  tons  ;  missing  vessels, 
67  ;  serious  casualties  not  resulting  in  total  loss,  2,387  ;  lives  lost,  2,233, 
out  of  which  1,444  lives  perished  in  the  missing  vessels.     Mr.  Yeoman 
also  showed  by  the  number  of  lives  lost  in  the  home  trade  that  the  vessels 
belonging  to  the  mercantile  marine  were  well  navigated.     That  might  be 
as  far  as  life  went,  but  what  about  property  ?    According  to  Mr.  Yeoman 
about  49,000  vessels  cleared  from  the  United  Kingdom  in  a  year,  and 
according  to  the  Board  of  Trade  returns  for  1888-89  he  (Mr.  Hok)  found 
that  during  that  year  about  4,300  casualties  occurred  on  or  near  the  coast 
of  the  United  Kingdom,  which  was  about  1  for  every  10  ships,  and  also  that 
during  the  same  year  over  one-third  of  all  vessels  registered  in  the  United 
Kingdom  met  with  some  kind  of  disaster.     So  if  Mr.  Yeoman's  figures 
showed  that  the  loss  of  life  was  comparatively  small,  his  figures  showed  that 
the  loss  of  property  was  great.    Then,  Mr.  Yeoman  sounded  the  warning 
note  that  the  shipping  should  not  be  interfered  with  on  account  of  severe 
foreign  competition  due  to  alleged  overloading  of  foreign  ships,  etc.    As 
the  subject  was  without  the  province  of  his  paper  he  should  abstain  from 
referring  to  it.     He  could  not,  however,  refrain  from  saying  that  if  Mr. 
Samuel  PlimsoU  had  been  there  he  would  have  told  them  a  different  tale. 
Apd  also  tht^t  the  British  shipowners  had  succeeded  in  getting  rid  of  their 
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old-feahionod  sailinj;  vesscla,  whioli  Mr.  Yeoman's  figures  clearly  ahowcil, 
Wfia,  lie  thought,  soniethinp;  to  be  thankful  for.  The  parallel  drawn 
by  Mr.  Yeniiiaii  between  the  Tay  Bridge  disaster  and  the  foander- 
ing  of  the  "Ut(i|iia"  served  to  wmiud  them  in  what  different  light 
the  niilway  engineer  nnd  the  shipowner  looked  upon  such  disasters. 
Whereas  the  railway  engineer  wonld  i-eplace  the  old  structure  by  a  new 
one  thtit  wonld,  tf  the  beat  of  his  knowledge  meet  all  emergencies,  the 
average  shipowner  wonld  replace  h\s  ship  by  imother  one,  clLhcr  old  or 
ueW,  of  similar  conatrnction,  and,  then,  in  the  old  way  trnKt  to  ehance 
imc«  more. 

Mr.  FoTHEECiiLi. — I  object  to  that. 

Mr.  Macoll  and  Mr.  McOlashan  both  betie\ed  that  new  niisintiible 
ships  would  be  dreadfully  handicapped  in  eompetitinn  with  the  old 
ones,  and  ankod  wliat  they  could  do  with  tho  old  Bhi]»  ?  Shonld  they  l>e 
ullered  and  added  to,  juat  as  recently  had  been  the  caw  with  the 
compulBory  fitting  of  life-Baving  appliances,  and  asaiguing  of  load-lines  ? 
It  was  his  belief  that  the  only  fair  cionree  to  adopt  was  to  leave  the  old 
vessels  alone  and  offer  the  new  ones  such  advantages  in  the  way  of 
s|jecial  marks,  reduced  insurance,  etc.,  that  it  would  be  profitable  to 
bnild  them.  In  order  to  make  the  matter  a  complete  succesB,  first 
recognise  the  pnnciple  of  nnsinkabilitT,  and  connect  the  number  of 
bulkheatia  with  frceboiird.  It  was  only  fair  towards  human  life  and 
property  that  this  should  be  done.  Then  base  tonnage  and  scantlings  on 
the  displacement.  The  freeboards  could  then  be  increased  for  some  types, 
especially  for  small  vessels,  that  it  would  be  possible,  without  tlie  slightest 
dilliculty,  to  bo  8ul>divide  them  as  to  make  them  practically  nnsinkuble. 
Such  ships  would  fear  no  com]>etition  with  old  onea,  when  now  scantlings 
and  insnrance  ])i-emiumB  were  reduced,  tonnage  rated  on  displacement, 
and  special  marks  provided  that  would  indicate  safety.  It  would  be 
impracticable,  and  also  unrair  to  interfere  with  the  old  vessels,  as  some  of 
them,  if  they  were  sufficiently  subdivided  with  their  present  load-IiTie, 
would  never  be  able  to  enter  into  competition  again.  No,  build  new 
vessels  according  to  new  rules,  and  let  the  old  ones  take  their  chance 
in  the  same  way  as  wood  ships  had  to  do  when  iron  was  introduced; 
sailing  vessels  on  the  introduction  of  steam;  iron  vessels  on  the  intro- 
duction of  steel;  nnd  ships  with  com jwund  engines  on  the  introduction 
of  triple  expansion.  It  must  be  admitted  tiiat  if  ships  were  made 
unsinkable  the  loa^  of  life  and  property  would  decrease.  It  was,  of 
coarse,  impossible  to  divine  to  what  extent,  hut  it  seemed  plain  that  putting 
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life  aside,  the  amount  of  property  now  annually  lost  would  then  be  greatly 
reduced.  If  vessels  collided,  total  loss  would  be  prevented  ;  if  they 
ran  ashore,  it  would  be  infinitely  easier  to  salve  them :  in  fact,  many  a 
vessel  that  could  not  now  be  salved  from  want  of  sufficient  time  would 
then  be  brought  to  port  successfully ;  and  such  common  occurrences 
as  ships  foundering  in  deep  water  after  striking  a  rock  or  some- 
thing unknown  would  then  undoubtedly  be  rare.  So  it  seemed  to 
him  that  the  saving  from  total  loss,  and  the  greater  facility  with 
which  salvage  operations  could  be  accomplished,  would  substantially 
reduce  the  losses  of  the  nation,  represented  by  the  insurance  premiums 
paid,  due  to  carrying  merchandise  in  a  defective  way.  It  was  to  be 
hoped  that  a  policy  more  conformable  to  the  economic  laws  that  so 
successfully  guided  this  nation  in  other  matters,  would  to  its  fullest  extent 
be  adopted  by  the  shipping  community.  Finally,  he  begged  to  thank 
them  most  heartily  for  the  kind  reception  of  his  paper  and  the  instruc- 
tive discussion  that  ensued. 

The  President  observed  that  the  paper  had  excited  a  great  deal  of 
interest  and  a  great  deal  of  discussion  and  a  great  deal  of  dissent ;  but 
he  was  sure  they  would  join  with  him  in  passing,  by  acclamation,  a  vote 
of  thanks  to  Mr.  Hok  ibr  the  trouble  he  had  taken  in  placing  it  before 
them. 

The  vote  was  accorded  by  acclamation. 
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ADJOURNED  DISCUSSION  ON  MR.  HARRY  GRAY'S  PAPER 
ON  "  WATER-GAUGE  FITTINGS  FOR  STEAM  BOILERS." 

The  President  said  they  had  a  paper  read  at  the  last  meeting  in 
Hartlepool  by  Mr.  Harry  Gray  on  "Water-Gauge  Fittings."  It  was  a 
paper  very  beautifully  illustrated,  such  as  they  seldom  had.  They  also 
had  a  model  shown,  an  invention  of  Mr.  D.  B.  Morison,  the  principal 
engineer  of  the  firm  of  Messrs.  Thomas  Richardson  &  Sons.  Among 
those  present  at  Hartlepool  there  was  very  great  diversity  of  opinion. 
They  had  Mr.  Mudd,  of  the  Central  Engine  Works,  Mr.  Stoddart,  of 
Lloyds,  and  Mr.  Hall-Brown,  from  Messrs.  Thomas  Richardson  &  Sons, 
and  Mr.  Westgarth,  and  these  very  great  authorities  all  seemed  of 
different  opinions.  He  had  to  ask  if  there  was  any  gentleman  who 
would  like  to  say  anything  more  on  the  subject  ?  There  being  no 
response  he  would  call  upon  Mr.  Gray  to  reply. 

MR.  HARRY  GRAY'S  REPLY. 

Mr.  Harry  Gray  said,  in  reply  to  the  various  points  which  had 
been  raised  during  the  discussion,  he  would  first  of  all  like  to  remove  any 
feeling  that  exaggeration  had  been  used  to  draw  attention  to  the  dimgers 
attached  to  certain  cases,  as  mentioned  by  Mr.  Mudd.  To  such  an  Insti- 
tution as  this  the  simple  facts  of  the  case  should  suflice,  and  he  trusted 
that  Mr.  Mudd,  as  well  as  those  present,  would  exonerate  him  from  any 
such  intention.  His  meaning  was  fully  defined  by  Mr.  Mudd  himself 
when  he  said  that  "  very  Ukely  the  boiler  would  be  burnt  and  damaged." 
Now,  he  understood  that  such  damage  resulting  in  the  disabling  of  the 
boiler,  either  by  the  collapse  of  any  part,  just  the  same  as  by  the  bursting 
of  any  part,  was  within  the  meaning  of  the  Act  dealing  with  boiler 
explosions,  and  treated  by  the  Board  of  Trade  as  an  "  explosion,"  hence 
his  use  of  the  term  on  the  point  in  question.  With  reference  to  the 
question  of  hollow  standards  and  the  use  of  external  pipes,  upon  which 
several  members  had  expressed  their  opinion,  and  also  upon  the 
question  of  simplicity,  he  would  say,  as  in  the  paper,  *'  in  every  detail 
contributing  to  the  efficient  working  of  the  whole,"  they  must  have 
efficiency,  and  it  was  well  to  get  it  as  simply  as  possible,  but  have  it  they 
must,  and  by  doing  away  with  cocks  or  valves  on  the  boiler  ends  of 
external  pipes,  as  proposed  by  Mr.  Westgarth,  contributed  to  neither 
efficiency  nor  simplicity,  the  passage  through  the  standard  preventing  the 
independent  testing  of  the  steam  and  water  connection  pipes,  but  where 
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BtmUoffcocka  were  placed  oii  the  lioiler  a  means  was  provided  of  separ- 
ately tenting  ciich  coniieotiun  ;  atill  the  fa«t  remained  that  Uiis  was  not 
done  ne  tift«ii  as  it  Bliotild  tw  from  thu  cascG  as  Btated  in  tlie  paper,  and 
was  even  a  eoiircc  of  danger,  as  Bhown  in  the  cose  mentioned  hy  Mr. 
Stoddart.  where  ilie  cock  on  the  steam  connection  was  not  re-opened. 
Henco  hie  argument  in  favour  of  efficiency  combined  with  simplicity,  &b 
shown  in  Figs.  1  and  2,  Plate  XLVIII,,  of  the  paper.  Prevention  was 
belter  than  euro.  By  these  means  &  man  was  prevented  from  maldag 
any  ]iartial  test,  and  since  the  whole  operation  was  performed  by  the  one 
co<!k  or  valve  (Figs,  i  and  5,  Plate  XLTX.)  ha  ooiild  scarcely  forget 
to  ro'open  it,  or  he  wonid  have  no  water  showing  in  his  glass ;  also  this 
arrauKoment  enabled  the  teat,  to  bu  nuule  without  requiring  the  engineer 
to  pliuffi  himself  dangerously  near  the  glass,  and  should  it  chance  to  break 
he  could  instiuitly  at  any  time  ahnt  off  the  water.  In  dealing  with  the»c 
questions  where  the  practical  working  was  licing  considered,  the  men 
whose  duty  it  was  to  attend  to  and  examine  the  water-level  must 
be  considered  also,  and  although  as  a  class  they  were  well  able  to  hold 
their  own,  and  from  whoso  ranks  ha<l  risen  many  of  tliose  who  were  the 
acknowledged  authorities  upim  all  matters  of  engineering,  still  they  bad 
to  be  prepared  for  some  careless  ones,  as  well  as  to  help  those  who  had  at 
times  their  abilities  tried  to  the  utmost  in  cases  of  emergency  or  heavy 
weather  at  sea,  and  it  ivas  in  such  meetings  as  this  where  the  work 
of  perfecting  must  be  done  through  the  interchange  of  opinion  and 
espcricnce.  Several  members  had  taken  exception  to  the  form  of  stand- 
ai-d  as  shown  in  Fig.  I,  Plate  XLVIII.,  on  account  of  the  two  bends,  but 
in  ordinary  hollow  standards  these  bends  in  the  line  of  communication  at 
piesent  existed,  consequently  the  objection  must  be  to  the  upper  bend  on 
account  of  a  tendency  to  choke,  but  upon  consideration  it  would  be  seen 
that  by  the  ari'angeraents  provided  for  testing  (Figs,  i  and  5,  Plate 
XLIX)  all  the  passages  must  be  blown  through,  which  would  keep 
removing  any  deposit  that  attempted  to  lie  there,  which  action  also 
prevented  any  deposit  taking  place  in  the  horizontal  passages  of  the  upper 
and  lower  mountings,  and  as  only  one  way  of  eommunieation  was  afforded 
instead  of  two,  in  the  case  of  the  hollow  standard,  such  action  was 
ensured.  AVith  regard  to  the  size  of  the  pnssjiges,  it  would  seem  to  be  a 
matter  of  "  first  cost ;"  everyone  must  agree  with  Mr.  Mudd's  remarks  on 
this  [(oint.  When  water-gauges  wore  fitted  diiwt  to  the  boiler,  Mr. 
Seaman's  suggestion  of  fitting  two  seta  at  iliffpn-nl  levels  was  worthy  of 
note,  on  account,  as  he  stated,  of  the  reduced  liability  of  their  both 
becoming  choked  at  the  same  time.     It  was  this  liability  of  their  bccom- 
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ing  choked)  on  account  of  the  openings  to  the  interior  of  the  boiler  being 
exposed  to  the  wash  of  the  water-level  over  them,  and  the  consequent 
liability  of  the  deposit  of  any  scum  that  might  be  floating  on  the  surface 
in  such  passages,  combined  with  the  un-get-at-abilifcy  of  internal  pipes, 
that  led  him  to  favour  the  exfcemal  pipe  arrangements,  with  their  advan- 
tages of  testing,  examination,  and  repair,  even  whilst  the  boiler  was 
under  steam,  etc.,  as  against  any  disadvantages  they  might  possess. 
The  question  as  to  the  cause  of  the  breakage  of  the  gauge  glass,  although 
the  most  common  source  of  derangement  of  the  gauge,  had  not  met  with 
the  consideration  that  he  ventured  to  think  it  was  entitled  to.  Mr.  Mudd 
drew  attention  to  an  apparent  contradiction  in  the  cases  as  stated  in  the 
paper,  in  both  of  which  the  breakage  was  attributed  to  the  same  force, 
under  the  two  extreme  conditions  under  which  the  glass  might  be  placed, 
either  through  the  reduction  of  the  temperature  when  testing  the  water- 
level,  or  by  the  reduction  of  the  temperature  of  the  lower  portion  of  the 
glass,  etc.,  by  the  cooling  of  the  water  in  the  lower  connections  through 
not  testing.  In  the  first  case  the  breakage  was  attributed  to  sudden 
contraction  upon  lowering  the  pressure  and  temperature  upon  blowing 
through,  combined  with  the  sudden  expansion  upon  the  temperature 
being  raised  again  when  the  pressure  was  brought  upon  it.  In  the  second 
case  the  glass  was  under  unequal  expansion,  the  upper  portion  being  that 
due  to  the  temperature  of  i^e  steam,  and  the  lower  part  to  that  due  to 
the  temperature  of  the  water,  which,  by  remaining  unmoved  in  the  pipe, 
etc.,  tiirough  non-testing  of  the  glass,  etc.,  had  cooled  down.  This,  as 
stated,  might  account  for  the  breakage  of  the  glass,  at  such  times  as  when 
it  had  not  had  the  double  strain  which  existed  upon  the  glass  being  blown 
through,  as  in  the  first  case,  and  which  action  occurred  as  much  in  the 
second  case  as  in  the  first,  upon  the  glass  being  blown  through,  except 
that  the  temperature  of  the  lower  portion  of  the  glass  was  under  contrac- 
tion already.  So  that  when  the  glass  broke  just  after  it  had  been  tested, 
it  was  due  to  the  sudden  expansion  whether  the  glass  was  previously 
under  conditions  similar  either  to  those  of  the  first  or  the  second  case, 
whilst  in  the  second  case  they  had  a  reason  for  the  glass  breaking  at 
such  times  as  it  had  not  been  recently  tested.  The  data  given  by  Mr. 
Seaman  with  reference  to  certain  experiments  made  in  order  to  ascertain 
the  amount  of  expansion  of  gauge  glasses  was  most  valuable  evidence  in 
support  of  this  theory,  showing  at  80  lbs.  pressure  or  812  degs.  Fah.  an 
expansion  in  two  cases  of  as  much  as  ^  inch  on  the  diameter  of  a  |  inch 
glass,  proving  that  a  perceptible  expansion  did  take  place.  When  such 
was  considered  with  reference  to  the  length  of  the  glass  it  became  con- 
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BJdcrabb,  auch  action  taking  place  wheoever  the  glass  was  blown  throuirh, 
and  mnst  tend  lo  reduce  the  Btrength  of  the  glass  to  refist  auch  a  elrain. 
This  also  tended  to  show  the  ueoessity  for  hiivinff  the  fittings  perfectly 
in  line,  ss  mentioned  in  the  paper,  to  ensare  the  clearance  provided  beii^ 
available,  and  not  ae  in  Fifrs.  12  and  13,  Plate  LIII.  The  con-oaion 
of  the  friaas  under  high  pressure  steam  was  n  matter  of  growing  import- 
ance, and  he  had  to  thank  Mr.  Fothergill  for  drawing  attention  to  this 
omiseion  in  the  paper :  but,  judging  from  Mr.  Seaman's  experience,  they 
must  be  content  with  the  ordinary  glass,  renewing  the  same  from  time  to 
time  when  required,  as  whilst  glasses  with  fire-polished  ends  seemed  to 
overcome  the  deterioration,  they  appeared  to  be  leas  able  to  withstand 
the  constant  strain  of  contraction  and  expansion  of  the  working  condi- 
tions. The  objection  to  the  springs  introduced  to  reduce  the  extent  of 
the  variation  of  temperature  upon  the  glass  when  testing  the  water-levo!, 
etc.  (Fig.  5,  Plate  SLIX. ;  Fig.  10,  Plate  LIL),  upon  the  gronnd 
of  complication,  slionld  not  esist  when  it  was  remembered  that  not  one 
of  such  springs  were  in  the  pitssnffes  of  the  mountings,  and  were  bo  fitted 
that  in  the  event  of  their  not  effecting  the  purpose  they  were  inti:uded 
for,  either  by  breakage  or  other  cause,  they  could  not  possibly  effect  the 
efficient  testing  of  the  gauge,  whereas  by  their  action  protection  was 
afforded  to  the  glass  from  inside  influences  during  testing,  no  fitting  on 
the  boiler  being  more  simple.  The  statement  in  tlie  pa])er  referring  to 
the  lowering  of  the  water-level  in  the  glass  by  the  cooling  of  the  water 
in  the  external  pipes  had  raised  some  comment.  The  results  given  in  the 
paper  were  calculated  from  data  as  supplied  by  Prof.  Rankine  and  also 
Mr.  C.  D.  Clark  in  their  works,  and  in  support  of  which  he  might  state 
that  it  had  been  found  in  some  cases  where  priming  had  baffled  all 
attempts  to  counteract  it,  that  the  fact  of  the  water-level  in  the  boiler 
being  higher  than  that  shown  in  the  gauge  glass,  from  the  coldness  of 
the  water  in  the  external  pipe,  had  been  found  to  be  the  chief  cause  of 
the  priming,  and  it  would  be  found  in  all  cases  that  the  accuracy  of  the 
watfir-level  would  depend  upon  the  water  in  the  gauge  glass  connectionB 
being  of  the  same  temperature  as  that  in  the  boiler,  and  the  greater  the 
difference  of  such  the  greater  would  be  the  variation  of  the  water-level  in 
the  glass  from  that  in  the  boiler  in  proportion  to  their  length.  He  was 
pleased  to  see  the  idea  of  Messrs.  Lehrun  and  Comerais,  of  Paris,  for  the 
automatic  closing  of  the  shut-off  cocks  of  the  water-gauge  by  the  action 
of  a  piston  in  a  small  cylinder,  attached  to  the  handles,  as  described  by 
Mr.  Hall-Brown.  He  understood  from  Mr.  Morison  that  he  had  acquired 
the  patent  rights  for  this  gauge,  and  to  which  he  had  added  an  improved 
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method  of  connecting  the  piston  rod  and  link  to  the  cocks  by  means  of 
the  quadrant  handle,  thereby  enabling  the  independent  action  of  each 
cock  without  interfering  with  the  action  of  the  automatic  closing.  The 
external  nature  of  this  arrangement  was  advantageous,  but  whether  its 
action  would  be  liable  to  derangement  by  choking  of  either  of  the  steam 
connections,  causing  it  to  fail  in  acting,  or  by  reduction  of  pressure  above 
the  piston  by  condensation  upon  the  steam  pipe  being  stopped  up,  causing 
it  to  close,  was  a  point  to  be  tested  under  working  conditions  upon  a 
voyage,  and  it  should  not  require  cleaning  out  every  fortnight,  as  he  was 
told  a  few  days  ago  one  of  Messrs.  Dewrance's  did,  on  account  of  a  scale 
accumulating  on  the  ball  valve.  As  a  possible  protection  in  the  event  of 
the  glass  breaking  it  must  find  a  welcome  from  all  sea-going  engineers. 
He  thanked  them  for  their  kind  attention  and  assistance  in  the  discussion. 

The  President  said  he  hoped  they  would  allow  him  to  move  a  vote 
of  thanks  to  Mr.  Gray,  and  that  they  would  be  kind  enough  to  pass  it  by 
acclamation. 

The  motion  was  so  carried. 
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ADJOURNED  DISCUSSION  ON  MR.  J.  PBTREE'S  PAPER 
ON  "  THE  BASIS  OF  SHIPS'  SCANTLINGS.' 


» 


The  President  said  the  other  paper  they  had  had  read  was  Mr. 
Petree's  papier  on  "  The  Basis  of  Ships'  Scannings,"  and  before  he  called 
upon  any  discussion  he  should  like  to  say  that  some  members  of  their 
Institution,  who  were  not  engineers  or  shipbuilders,  had  spoken  to  him 
of  one  phrase  in  the  paper,  and  asked  that  the  author  would  explain  it. 
As  the  author  was  not  present  that  night  they  might  perhaps  take  from 
him  a  word  on  the  subject,  although  most  of  them  were  perfectly  familiar 
with  the  point,  and  his  going  into  it  now  might  appear  very  elementary. 
The  phrase  was  that — "  The  longitudinal  bending  moment  varied  as  the 
fourth  power  of  the  dimension."  Since  he  was^supposed  to  be  speaking 
to  non-technical  men  he  had  prepared  here  two  models  (see  sketch).     Of 

course  Mr.  Petree  was  speaking  of  the  ship 

» -»i  ^     J  as  a  girder,  and  they  must  suppose  that 

-  ,  a  was  the  ship  suspended  on  a  rock  in  the 

/\  centre.    There  was  a  certain  strain,  a  certain 

tendency  to  break  the  back  of  that  ship.  If 
now  he  took  another  girder,  h,  twice  the  size,  and  also  suspended  it  in 
the  centre,  common -sense  said,  the  one  was  no  stronger  than  the  other. 
This  one,  at,  held  all  its  weight  without  giving  way,  and  so  did  that  one, 
h;  and  yet  to  the  non-technical  mind  it  seemed  extraordinary  to  say  that 
the  bending  moment  of  this  ship,  h,  should  be  sixteen  times  the  bending 
moment  of  that  ship,  a.  He  took  the  author  to  mean  that  the  dimensions 
being  each  doubled,  the  weight  was  increased  as  the  cube  of  2,  or  eight 
times,  and  the  length  of  the  leverage  being  also  doubled,  it  followed  that 
the  bending  moment  is  the  multiple  of  the  cube  and  of  the  first  power — 
in  other  words,  the  fourth  power.  The  author,  doubtless,  put  it  in  this 
form  so  as  to  keep  out  all  the  questions  as  to  the  strength  of  the  vessel 
to  resist  the  strain.  The  strength  of  the  girder  increased  as  the  distance 
of  the  plating  from  the  neutral  axis,  so  that  the  rules  of  Lloyd's  Society, 
and  of  the  International  Society  of  Veritas  are  not  so  far  out  as  might 
be  imagined  from  the  statement  of  the  writer.     In  that  connection  he 

might  further  go  on  to  say,  that  if  a  vessel  was 
tapered  at  the  ends  as   this  model   was   (see 
sketch),   they  would  very  much  decrease   the 
bending   moment,  the  centre  of  weight  being  moved  nearer  to  the 
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fulcrum.  Furthermoro,  the  girder  being  tapered  like  a  ship's  yard,  there 
would  be  nil  itdditioual  strength,  due  to  the  more  equable  diBtributioD  of 
tliL'  ri^istancu  lo  thu  sLraint).  He  bejcged  they  would  uuderBtand  tliat  he 
had  madu  these  olisercatious  only  at  special  request,  bat  he  would  claim 
their  indulguoce  at  the  concluaiou  of  the  discuasioii  to  make  a  few  remarks 
itpoa  tlie  puper  itself,  and  on  the  discussion. 

Mr,  HoK  was  sure  tbey  muBt  all  be  very  much  obliged  to  Mr.  Pttrw! 
fur  having  iLtroduced  this  very  importaut  subject  to  the  Institution. 
He  was  sure  that  every  one  of  them  would  be  very  glad  if  this  question 
of  the  true  basis  for  scantlings  were  solved,  and  he  only  regretted  that  he 
could  not  cuiitributc  anything  of  value  towards  its  solution.  The  reason 
why  be  rose  to  take  part  in  tbe  discussion  was  merely  to  correct  what  he 
thought  ft  few  inaceuraciea  in  the  paper.  On  page  394  Mr,  Petrce 
suid  that  the  actual  capacity,  or  the  tonu^e,  represented  tbe  earning 
power  of  tho  ship.  If  they  only  considered  two  ships  of  the  same  dead- 
weight, one  a  ihi-oa-deck  ship  with  small  tonnage  and  one  an  awning-deck 
ship  with  huge  toiiuuge,  it  was  clear  enough  that  no  one  was  justified  in 
saying  that  the  aetuiil  capueity  represented  tbe  earning  power.  Oq  page 
S'JJ  Mr.  Petree  said: — "  The  first  numeral,  by  including  tbe  depth  twice 
and  the  breadth  only  once,  places  au  undue  restriotion  upon  relative 
depth,  and  lavours  one  specific  proportion  of  depth  to  breadth — via 
one-half."  This  waseorrect;  but  he  referred  to  the  paragraph,  because 
he  had  got  out  a  direct  mathematical  proof  that  it  was  so,  and,  if 
ioteresting  to  the  Institution,  be  would  append  It  to  his  remarks: — 
Proof  thai  Lloyd's  numerals  favour  one  njieiific  projiortion  of  depth  to 
breadth — viz.,  one-luilf. 

Call  the  proportion  of  depth  to  breadth  =  xs=  ^,  if  B  =  breadth 
and  D  =  depth. 

The  problem  is  to  find  what  value  of  x  will  make  the  numeral 
B  +  2D  a  minimum  for  a  given  area  of  mid-ship  section  =  B  x  D, 
equal  to  1  for  the  sake  of  simplicity. 

Numeral  =  B  +  2D  =  — -  +  i-Jx^-  ■  ■  (1),  if  expressed  by  the 
ratio  of  depth  to  breadth,  x. 

To  obtain  tbe  minimum  vaUie  of  the  numeral,  find  the  1st  and  2nd 
derivative  of  (1),  Ijeinjr — 

/  .,._ 

^x        -^^x 


^ 


W  =  zj^  -  s77,.- I-') 

_1 


^«=sW[i-']'--w 
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Put  /'  (a;)  =  0 ;  and  a;  =  ^. 

For  this  value  ofx,/"  {x)  >  0,  from  which  follows  that  the  numeral 
is  a  minimum. 

Therefore  the  ratio  of  depth  to  breadth  that  Lloyd's  numerals  favour 
isi- 

The  value  of  the  minimum  numeral  is  2^2  for  unit  area,  and 
B=  v^2  and  T)  =  \s/2. 

Then  Mr.  Petree  said  further  on: — "  It  would,  perhaps,  be  more  consistent 
if  floors,  as  well  as  beams,  were  regulated  solely  by  the  mid-ship  breadth, 
instead  of,  as  at  present,  depending  upon  a  numeral  in  which  the  vessel's 
depth  is  made  the  chief  factor."  Well,  he  thought  that  Mr.  Petree  was 
wrong  here.  If  they  considered  two  ships  of  equal  breadth,  it  was  evi- 
dent that  a  depth  of  30  feet,  for  instance,  would  require  a  far  heavier  floor 
than  a  depth  of  say  10  feet. 

The  President — Are  you  presuming  upon  the  same  displacement  ? 

Mr.  HoK — Certainly  not.  Or  if  they  imagined  two  ships  in  a  dry 
dock  resting  on  their  keels  on  the  blocks,  it  would  then  be  more  easily 
understood  that  the  stresses  the  floors  were  subjected  to  in  a  ship  of 
considerable  depth  must  be  far  greater  than  in  a  ship  pf  very  small 
depth.  But  he  believed  that  single-deck  ships  could  be  constructed 
with  lighter  floors  than  ships  with  two  or  three  decks  of  same  dimensions ; 
because  the  forces  acting  on  the  floors  in  these  two  different  types 
were,  although  of  same  total  amount,  yet  differently  applied.  In 
the  latter  case  part  of  the  cargo  was  carried  through  the  frames  by 
the  ends,  and  through  the  pillars  by  the  centre  of  the  floors,  and 
thus  partly  concentrated  at  three  points;  but  in  a  single-deck  ship  all  the 
cargo  was  evenly  distributed  over  the  floors.  This  dissimilar  distribution 
of  the  cargo  caused  a  reduction  of  stress  in  the  floors  of  the  single-deck 
ship,  and  they  could  therefore,  perhaps,  be  made  somewhat  lighter.  Then 
on  page  395  Mr.  Petree  said: — "For  instance,  while  the  dimensions,  plating 
numeral,  and  scantlings  of  a  ship  remain  unchanged,  the  displacement 
coetficient  may  be  any  value  between  say  '4  and  '8 ;  and  assuming  the 
maximum  bending  moment  to  vary  as  the  displacement— length  being 
constant — the  factor  of  safety  to  resist  that  stress  would  in  the  latter  case 
be  only  one-half  of  the  former,  therefore  the  same  scantlings  cannot  fairly 
apply  to  both  ships."  This  would,  perhaps,  be  correct,  if  it  was  right  to 
assume  that  the  maximum  bending  moment  varied  as  the  displacement, 
which  it  certainly  did  not.  This  fact  would  be  easily  understood,  if 
they  considered  what  caused  the   bending  moment   in  ships.     It  was 
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due  U>  the  distribution  of  buoyancy  in  relution  to  weight.  If  a 
ctirgu  vewel  was  BBBumcd  to  bo  at  rest  on  a  w&^t:  creat,  it  was  iliie  to 

the  excess  of  bnoyniicy  over  weightiii  thec-entrojandthe  cswsb  of  weiglit 
over  baoyuiicy  at  the  ends.  SiippuBJiig,  iu  u  loaded  ship,  there  was  no 
exam  of  buoyancy  ovur  weight,  or  weight  over  buoyancy,  at  any  eection. 
thure  woald  be  uo  longitudinal  landing  moment  in  that  ship.  If 
they  loi)k  a  fine  ship  with  a  cooffideut  '4,  and  gradually  filled  her  out  till 
her  fuIncBB  became  -8,  the  weif^hts  at  the  ends  would,  of  course,  gradually 
iiJctvaBc,  hut  the  bui>yaney  would  iuercase  at  the  same  time :  and  for 
that  reason  the  exixsn  of  weight  over  bnoyaney  might  remain  constant 
while  the  ship  was  being  filled  out,  and  the  longitudinal  bending  niimii-nt 
be  of  some  value  whether  the  vcsBcl  wag  fine  or  full.  He  had  sought  For 
souiti  figures  to  corroborate  this  statement,  and  be  found  them  in  ¥oI.  ¥., 
Part  7,  of  the  Tranaictions  of  the  Inetitution,  in  a  communication  from 
Mr.  Piaud,  InB^wutor-Qoneral  of  the  Bureau  Veritas,  to  Mr.  Ber^strom's 
iirat  iiai^r,  There  a  oai^'o  steamer,  847  feet  9  inches  long,  10  fwt 
4  ineh««  in  breadth,  13  feet  8i  iuelies  draught,  and  ■44  in  finene.is,  was 
filled  out  at  the  ends  until  her  flnenesa  became  -678.  The  influent*  of 
this  filling  out  on  the  longitudinal  bending  moment,  stresses  in  jilatiug, 
etc.,  waa  most  instructively  showu  in  the  following  table,  extracted  fiwm 
Mr.  Piaud'a  commnnication : — 


DLavlRoe- 

c«aii   , 

^^ 

S' 

BUeai 

Ho^a.. 

T=n.,o.. 

5 
G 

liicrpise 

3171 
6343 

54% 

■440 

■678 

40677 
53129 

21-38 

47  96 

S96 

S9i 

1  On  wave 
I      crest. 

(  In  wave 

(   hollow. 

5 

6 

Incroue 

3471 
6343 

B496 

-440 
■678 

64  s6 

B2967 
3612» 
B79S 

62'51 
3  9£dwr«B» 

2-58  1  ^'^ 

67  96 

57  96 
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[NOTB. — Tlic  wnod-cut  (taken  from  a  photo(p«|>h)  on  the  next  page  is  inserted  by 
the  kiiul  permission  nf  the  ciccllent  new  wccklj'  illostratcd  paper  called  Slact  anii 
WhitH,  a  paper  whieli  devotes  B|)ceinl  attention  to  tlic  illustration  of  yachting  and  of 
Hlilpjrinif.  Tlio  insertion  of  tlie  ivoml-cut  ia  in  connection  with  the  query  whether  or  not 
Mr.  L.  KaniVa  trochoidnl  wave  (Traiisaetions,  Vr.1.  V.,  p.  178).  roterred  to  in  Mr.  Wm. 
llOk'ft  reuiarki>,  docs  really  f^ve  an  udci]uiLte  statement  of  the  strains  at  sea,  seeing 
that  Mr.  Ii.  I'iand  nssnincH  tlie  vensel  tu  be  both  at  rest  and  on  an  even  keel.  From 
Mr.  llok's  remarks  on  )iagc  422  taken  in  conjunction  with  the  wood'Cnt,  it  is 
evident  that  the  strcsws  at  sea  wlicn  shi]is  arc  piteliinf^,  sccnding.  and  heaving  among- 
wares  arc  no  douht  difFereiit  from  these  obtained  by  assuming  tlic  nhip  at  rest  on  a 
n-ttvc  crest  or  in  a  wave  hollow. — Editoii.] 

These  figures  showed  that  while  the  displacement  increased  54  per  cent. 
by  filling  out  the  ends,  on  a  wa^e  crest  the  stresses  increased  only  5  per 
cent.,  but  &7  per  cent,  when  tlu'  ship  was  placed  in  the  hollow.  ■  As  the 


^ 
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iitn«9ea  tm  the  wave  opobI  exceeded  those  in  the  hollow,  only  tlie  former 
necfled  to  bo  bvkeu  into  acKmiit,  Hhowing  very  Rmrkcnlly  tliat,  with  iii- 
oreanfl  of  ilittplaovment  by  Dllini;  out  the  t-ndit,  tlu^  iM-mling  tuoiuurit  nnil 
striwwJt  inoreiwed  vury  slightly.  ni»(ila«emcnt.  for  instance,  and  fincntM 
niif;btrlK'doiihkd,l)iit  tliu  bondiii};momentandBtreA)u>ii  might  only  inereaai: 
5  to  10  per  cent.  This  was  due  to  what  he  Itururu  uxplnined  ahont  the 
relation  between  hiioyanoy  and  weiglit ;  ami  this  circurostance  explained 
why  Lloyd's  riil«s  did  not  rwlrioit  the  scnntlings  for  finer  ships ;  and  if  it 
was  also  romcmbt'i'cd  that,  according  tn  the  flwlioiml  ijihlcs,  full  Rhijn 
loaded  leas  deep  than  flue  ones,  it  was  very  probable,  as  Btreasos  increiiseil 
with  incroiise  of  draiitflit— this  Iwing  due  to  increnao  of  hnoyiincy 
at  the  centre  and  increase  nf  the  excess  of  weiffht  over  linoyancj 
at  the  ends — that  fine  sliips  and  full  ships  when  similarly  Irtaded 
wonlil,  practically  s)>oalcing,  have  the  same  inti-nsity  of  Rtresa  in 
tlie  nintK^rinl  snhjcct  to  tlie  eflWit  of  iougitudinal  ntrcssee.  This  mia>n- 
ing  applied  only  to  the  statical  conditions;  the  stre^es  would,  no  doubt, 
Ite  very  mueh  ditfcront  in  fine  and  full  sliipg  if  they  took  the  dynamical 
conditions  into  consideration,  Hs  when  the  ship  was  pitching, 'scemling, 
and  heaving  among  the  waves.  He  regretted  he  did  not  know  anything 
definite  about  the  effect  on  the  stresses  tlirough  these  hitter  cnnaeR — in 
fa<it,  no  one  knew.  On  i>age  auri  Mr.  Petree  says: — "With  regard  to  the 
ttquipnicnt  of  anchors  and  ohnins,  the  load  displacement  alone  Fhonid  be 
l,he  hiisifl  of  comparinnn."  ThiB  wkh  n^.t  utrielly  pnrri'Ct,  fnr  tin'  fiiiif  tion 
of  the  anchors  and  chains  was  merely  to  resist  the  effect  on  the  ship 
of  sea,  wind,  and  tide.  If  they  had  ships  of  dissimilar  dimensions 
and  form,  but  of  equal  displacements,  the  effect  of  these  forces 
might  be  very  different  in  each  individual  case.  Therefore  the 
displacement  alone  slionld  not  fix  the  size  of  anchors  and  chnins. 
Some  other  factor  ahonid  be  taken  into  account;  but  how  to  do  this 
in  a  practical  way  was  very  difficult  to  sivy  without  considerable 
expenditure  of  thought.  The  same  remark  held  good  in  the  case 
of  estimating  the  engine  power  of  ships.  The  actnal  weight  of  the 
ship  or  the  displacement  should  not  constitute  the  factor  on  which 
the  power  was  based.  The  weight  of  the  ship  came  only  into  play 
at  accelerated  speeds,  or  at  the  change  from  one  speed  to  another.  The 
cITcct  of  the  weight  diaipijcared  when  the  ship  was  running  at  a  constant 
speed,  or  when  the  accclenition  was  equal  to  nothing.  Then  the  surface 
and  form  should  be  taken  into  accoiuit,  and  the  power  based  on  these 
factors,  and  not  on  the  weight  or  displacement.  He  had  just  one  more 
remark  to  make,  which  referred  to  what   was  said   by  the  President, 
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The  author  was  perfectly  correct  in  saying  that  the  longitudinal  bending 
moment  for  similar  bodies  varied  as  the  fourth  power  of  the  dimension. 
This  was  true  for  the  elementary  case  of  a  beam  as  well  as  for  the  com- 
plicated form  of  a  floating  ship. 

Mr.  John  Gravell,  of  Bureau  Veritas,  said  this  was  a  very  im- 
portant paper.  He  thought  the  registration  societies  had  a  great  deal 
to  put  up  with  in  the  complaints  of  many  people,  especially  builders,  who 
seem  to  think  that  registry  rules  are  not  based  on  proper  lines ;  but  as 
there  exists  so  many  different  opinions  amongst  them,  it  is  almost  im- 
possible to  obtain  any  help  from  them.  Of  course,  Lloyd's  had  one  system 
and  they  (Bureau  Veritas)  had  tried  another,  working  principally  upon 
the  coefficient ;  they  (Bureau  Veritas)  were  supposed  to  provide  a 
standard  point,  and  wlien  a  vessel  had  a  finer  coefficient  they  had  even 
departed  from  their  rules  to  a  certain  extent  to  try  and  meet  the  special 
design  and  form  of  vessel.  What  more  could  they  do  ?  Mr.  Petrce  in  his 
paper  implied  that  the  rule  to  adjust  the  strength  of  scantlings  of  a  vessel 
should  be  based  upon  her  actual  loaded  weight  and  the  trade  for  which 
she  is  required.  He  (Mr.  Gravell)  thought  that  was  provided  for  by  their 
rules,  whether  the  vessel  was  required  either  for  river  purposes  or  sea 
purposes.  At  the  present  time  some  of  these  rules  were  undergoing 
revision  to  see  if  it  was  possible  to  improve  them  ;  in  fact,  this  had  been 
going  on  for  several  years,  but  so  far  they  had  found  that  very  little 
alteration  could  be  made,  as,  taking  the  actual  coefficient  at  loaded  draught 
and  coefficient  now  used,  it  made  very  little  difference  in  the  scantlings. 

The  President  believed  it  would  be  going  rather  outside  what  was 
usual  if  he  said  something  on  the  question  himself.  He  was  in  the 
chair  and  ought,  perhaps,  to  be  impartial,  and  have  no  views  one  way  or 
another,  but  it  would  be  affectation  on  this  paper  for  him  to  do  so,  since 
it  alluded  to  his  own  remarks  in  the  opening  address  read  at  the  com- 
mencement of  the  session.  In  the  debate  which  took  place  at  Hartlepool 
they  had  an  expression  of  opinion  from  two  of  the  representatives  of 
Lloyd's  Society.  He  did  not  wish  to  speak  disrespectfully  of  what  they 
said,  but  they  all  knew  what  officials  would  say  when  it  was  a  question 
of  making  a  reform.  He  supposed  if  they  had  to  wait  till  the  official 
mind  saw  fit  to  make  a  change  or  reform,  from  the  penny  postage  stamp 
downwards,  they  would  never  be  carried  out.  They  listened  with  respect, 
but,  so  far  as  the  remarks  were  an  official  disclaimer  and  in  an  official 
capacity,  perhaps,  with  not  a  very  great  deal  of  attention.  He  took 
occasion  during  the  debate  to  address  to  one  gentlemen  (Mr.  McGlashan, 
not  of  Lloyd's)  a  question  Mr.  Yeoman  had  raised  about  the  load-line, 
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but  in  the  present  he  felt  sure  right  would  be  done  sooner  or  later.  As 
regarded  what  was  said  at  Hartlepool,  one  thing  he  omitted  to  mention, 
that  one  of  the  members  of  Lloyd's  said  that  the  displacement  basis 
would  be  so  difficult  a  thing  and  cause  so  much  trouble  to  shipbuilders. 
But  disphicement  was  the  firet  thing  they  got  out  in  designing  a 
ship ;  they  knew  it,  at  least  approximately,  before  they  knew  the  dimen- 
sions of  a  ship.  Whatever  dilTerence  of  opinion  there  might  be  between 
different  sets  of  persons,  surely  shipbuilders  knew  their  own  business  and 
convenience  best. 

When  they  talked  about  displacement,  and  heard  the  remarks  of 
Mr.  Hok  and  what  was  said  by  the  writer  of  the  paper,  the  one 
particular  point  of  a  displacement  basis  seemed  to  him  always  over- 
looked. Those  in  favour  of  it  had  urged  the  effect  upon  the  strains 
of  the  ship  of  the  shape  of  the  lines ;  but  the  principal  factor  in  the 
displacement  was  the  draught  of  water.  At  the  time  he  was  speaking 
of,  nearly  thii*ty  years  ago,  he  urged  that  they  would  never  get  to  any 
proper  understtmding  of  the  strains  on  ships  unless  they  took  into  account 
the  draught  of  water — the  depth  loaded.  The  thing  was  so  self-evident. 
If  they  loaded  deeply  they  must  increase  the  stress,  whereas  if  they  did 
not  put  much  weight  into  the  vessel  there  wtis  comparatively  only  half  the 
strain.  At  that  time  the  consensus  of  opinion  in  the  country  of  ship- 
owners, underwriters,  and  surveyors  was  decidedly  against  any  fixing  of 
the  load-line.  He  (the  President)  remembered  talking  to  the  present 
chairman  of  Lloyd's,  who  himself  had  a  very  good  record,  he  knew, 
in  London,  always  allowing  a  freeboard  of  8  inches  to  depth  of 
hold,  and  he  remembered  his  saying  that  he  felt  he  was  doing  the 
right  thing,  and  it  was  not  for  him  to  criticise  what  his  neighbours  were 
doing.     This  is  the  thought  of  the  Poet  Laureate — 

"  And,  because  right  is  rigbt,  to  follow  right 
Were  wisdom  in  the  scorn  of  consequence." 

Since  then  the  shipping  interest  had  been  compelled  to  accept  of  legislation, 
mainly  from  the  philanthropic  efforts  of  Mr.  Plimsoll.  In  his  (the  Presi- 
dent's) humble  opinion,  if  they  had  before  this  agitation  faced  the  question, 
and  recognised  in  the  rules  for  scantlings  that  everything  depended  upon 
what  the  ship  was  carrying,  all  the  heart-burnings  and  discussions  which 
had  since  occuiTed  would  have  been  avoided,  and  the  position  at  the  pre- 
sent day  been  very  much  more  satisfactory.  Now,  it  was  dwelt  upon  at 
the  Hartlepool  meeting  that  ships  built  in  England  and  classed  at  liloyd's 
or  Veritas,  that  was,  ships  sailing  under  the  English  flag,  had  a  load-line 
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fixed.  It  was  uoiutuouly  willed  "  Lloyd's  load-line."  Tliey  spoku  uf 
Lloyd's  "anramGr  freeboard,"  and  "winter  freelKwrd,"  but  he  believed 
Lloyd's  considered  tlml  toad-lint;  wiis  fixed  by  rules  of  the  Boai-d  of 
Ttwde,  ajjd  thut  Lloyd's  simply  acted  -m  agents  of  the  Boaiil  of  Tritde  in 
determining  and  i-wiuiriug  tliat  lodd-lioe.  Well,  il'  one  of  thoBe  ships 
were  sold  to  a  foreign  owner — Norwegian,  Oernian,  Italian — not  only 
might  they  in  their  own  waters  load  as  deeply  us  they  liked,  bat  load  as 
deeply  m  tliey  liked  in  English  waters,  Mr.  Ycwman  was  aaked  to  wliat 
extent  this  louditig  was  carried;  it  was  pressed  home  upon  him,  and 
he  admitted  as  mnch  as  7  per  cent.  A  gfutlemao  (Mr.  Wui.  Meiizies) 
got  up  and  said  he  hiid  engined  some  steamers  in  Hartk-piwl  that  bad 
gone  in  for  over  30  per  cout.  extra  loading, 

Mr.  HoK — 18  per  cent. 

The  PttEsiDKNT — Poeaibly  the  calcnlation  was  wrong,  but  take  it  for 
the  present  at  10  per  cent.  only.  When  they  considered  that  a  vessel  worth 
£41), 000  would  earn,  roughly  speaking,  in  the  coiu'se  of  the  year,  jUJO.OOO 
of  gross  freight,  or  perhaps  leas — and  he  supposed  a,  ship  on  an  average  did 
not  pay  more  than  10  per  cent,  dividend  on  the  gross  li-eight— they  would 
Bue  that  £4,000  repi-eaentfid  the  amount  of  money  that  went  into  the 
poekeI«  of  the  shareholders.  If  tliey  itiereaaed  the  dead-weight  cargo  by 
only  10  per  cent.,  10  per  cent,  on  £-ll),(K)0  was  £4,000.  Now,  he  would  l)e 
sorry  to  say  that  the  additional  loading  of  10  per  cent,  would  double  the 
dividend,  but  that  it  would  increase  the  dividend  he  was  certain,  and  being 
himself  interested  in  some  foreign  shipowtung  companies,  he  had  come  to 
the  conclusion  that  the  more  satisfactory  dividends  paid  by  some  of 
those  companies  were  not  altogether  due  to  lower  wages,  but  were  con- 
siderably affected  by  the  amount  of  cargo  they  were  allowed  to  put  on 
board.  This  was  a  question  that  affected  cngiiiccre,  shipbuilders,  iind 
shipowners,  and  also  affected  the  working  classes.  They  might  be  per- 
fectly certain  that  if  ships  sniling  under  foreign  flags  paid  better  dividends 
than  ships  under  the  English  flag,  all  esperience  went  to  show  that  the 
capitalist  would  nut  hesitate  one  moment  as  to  which  to  put  his  invest- 
ment. As  witli  the  shipping,  so  with  the  shipbuilding,  it  would  be 
i-emoved  from  England.  They  admitted  foreign  workmen  into  their 
shipyards,  but  he  did  not  believe  the  foreign  shipbuOders  would  take  the 
higher  jwid  English  workmen  into  their  eniployiuent.  Mr.  Yeoman  was 
an  authority,  and  his  figures  were  not  like  Ihe  florid  stsitements  of  Mr. 
ind  he  UAd  them  how  he  had  seen  the  sailing  ships  of  Hartle- 
pool dni  ndle  down  fiom  two  hujidred  and  fifty  to  twelve.     He  showed  how. 
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at  the  present  moment,  the  owning  of  steamers  was  beginning  to  be  affected 
by  the  same  rule,  and  he  did  think  that  the  note  of  warning  that  Mr. 
Yeoman  sounded  onght  not  to  be  lightly  cast  aside.  England  had  been 
called  "  the  mistress  of  the  seas,  the  queen  of  the  colonies."  He  hoped 
she  would  remain  so.  They  treated  foreigners  with  a  degree  of  generosity 
that  astonished  them.  They  allowed  them  to  trade  in  their  waters,  and 
allowed  them  to  ship  in  Australia  and  come  to  England,  and  made  no  sort 
of  difference  whatever,  but  when  they  allowed  them  to  go  further  than 
that,  and  permitted  them  to  carry  trade  under  more  favourable  conditions 
than  Englishmen  themselves,  he  did  think  they  were  going  too  far. 
And  he  would  like  to  point  out  this,  it  was  very  diflBcult  for  the  English 
Government  to  interfere  with  foreign  shipowners,  but  it  was  evident  that 
if  they  chose  to  do  it,  and  were  not  afraid  of  losing  their  customers, 
the  registration  societies  could  make  the  load-line  the  basis  of  classifica- 
tion, and  in  making  the  load-line  the  basis  of  classification  they  would 
be  doing  the  most  important  thing  in  what  they  called  making  the  dis- 
placement the  basis  of  scantlings.  He  believed  he  must  apologise  for 
going  out  of  the  general  course,  and  from  the  chair  expressing  any  opinion 
upon  the  subject. 

The  Secretary  intimated  that  Mr.  Petree  was  unable  to  be  present, 
and  would  have  to  reply  by  communication  to  the  discussion. 

The  President  said  he  was  sure  they  were  obliged  to  Mr.  Petree, 
who  hailed  from  this  part  of  the  country,  although  he  was  employed  now 
in  Messrs.  Laird  Brothers,  of  Birkenhead.  He  asked  them  to  pass  a  vote 
of  thanks  to  him  by  acclamation. 

The  vote  was  so  accorded. 

MR.  PETREE'S  REPLY. 

The  writer  begs  to  express  his  indebtedness  to  the  various  spciikers 
who  took  part  in  the  discussion  on  "  The  Basis  of  Ships'  Scantlings,"  in 
the  course  of  which  certain  criticisms  which  invited  reply  have  already 
been  answered  by  other  speakers. 

Mr.  Phillips,  and  subsequently  Mr.  Hok  also,  took  exception  to  a 
suggestion  as  to  regulating  the  floors  solely  by  breadth  of  ship,  and  on 
this  point  the  writer  at  once  admits  the  force  of  the  objection.  "  Chiefly," 
in  place  of  **  solely,"  would  more  correctly  express  the  object  of  the  paper 
in  this  respect.  It  may  be  mentioned  in  passing,  that  so  far  as  the  strain 
on  cable  is  concerned,  the  surface  above  water  affected  by  wind  pressure 
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would  (chiefly  coDsist  of  the  area  be  seen  "  end  on,"  and  therefore  wonld 
pi'obfibly  not  amtmut  to  very  much,  except  in  shipB  of  heavy  square  rig 
iir  iiauBual  top-hamper.  As  regai-da  the  desirability  of  ordering  luatei'tol 
at  the  earlicBt  poBaible  stage,  uvery  practical  shipbuilder  will  readily  agree 
with  Mr.  Phillips ;  but  he  is.  no  doubl;,  fiiUy  aware  that  the  preparation 
of  at  least  a  rough  sheer  draught  (or  model)  must  in  every  case  precede 
even  the  ordering  of  material,  and  this  at  the  ssine  time  provides  the 
means  of  estimating'  displacement  within  reasonable  limits.  The  remark 
that  "until  the  vessel  was  practically  designed  and  fully  laid  off  nothing 
was  known  with  any  degree  of  accuracy  of  the  displacement,"  is  one  In 
which  few  practical  builders  are  likely  to  concur.  Such  may  have  been 
the  caee  thirty  or  forty  years  ago,  but  the  statement  cannot  in  fairness  be 
applied  to  any  representative  builders  of  to-day ;  iu  fact,  the  Bhipl)uilder's 
guarantee  of  carrying  capacity  is  virtually  a  gnarantee  of  minimum  dis- 
placcment  also,  since  (on  a  given  price)  it  is  contrary  to  his  own  iutereete 
to  add  weight  to  the  remaining  items — hull,  machinery,  and  eiiuipment. 
To  the  qaei7  as  to  how  many  shipowuera  know  or  care  about  the 
displaaemeut  of  their  shipa,  as  compared  with  ciirrying  capacity,  the 
obvious  answer  is.  Very  few.  Nor  need  they  know,  A  similar  query 
might  be  asked : — How  many  slifpowuera  know  or  care  about  the  scant- 
lings of  their  ships,  so  long  as  they  are  classed  ?  For,  of  the  three  parties 
named  by  Mr.  John  as  being  concerned  in  the  question  of  scantlings,  the 
shipowner  is  certainly  neither  first  nor  second.  Let  the  builder  guarantee 
carrying  capacity,  etc.,  and  the  society  grant  a  "class,"  and  the  shipowner  is 
usually  content  to  leave  the  question  of  scantlings  to  the  first  two  parties. 
As  occasional  i-emarks  in  the  discussion  seem  to  indicate  that  the 
speakers  were  at  the  moment  regarding  displacement  as  the  sole  basis  for 
scantlings,  it  may  be  well  to  restate  that  except  when  equipment  waa 
referred  to,  the  writer  merely  claimed  recognition  of  displacement  as  the 
principal  (not  sole)  factor. 

With  reference  to  the  relation  between  displacement  and  bending 
moment,  Messrs.  Me6lashan  and  Hiik  appear  to  have  placed  a  more 
literal  interpretation  upon  the  writer's  words  than  intended.  Two  extreme 
(^oefHuienls  were  instanecd,  to  eiaphasise  the  principle  in  view,  rather 
than  the  precise  ratio.    The  formula  for  longitudinal  moment, 

**  0    • 

practically  coirect  foi'  cloaely  parallel  cases,  illustrates  the  principle  rather 
than  tlie  fact  (or  a  wider  range.  On  this  point  the  pajwr  might  perhaps 
have  been  moi'e  explicit.     The  results  embodied  in  Mr.  Ilok's  quotation 
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from  Mr.  Piaud's  table  in  Vol.  V.,  though  differing  to  some  extent  from 
what  might  have  been  anticipated,  show  most  clearly  the  importance  of 
taking  displacement  into  account  in  adjusting  the  scantlings  to  meet  the 
the  strains.  Fuller  investigation  of  this  phase  of  the  question  would  enable 
more  definite  conclusions  to  be  reached  than  is  possible  fi-om  consideration 
of  an  isolated  case. 

Mr.  Courtier-Dutton,  as  a  Lloyd's  surveyor,  drew  attention  to  the 
facility  of  checking  the  accuracy  of  the  dimensions  upon  which  the 
present  numerals  are  based,  and  suggested  probable  diflSculties  in  checking 
a  displacement  element.  These  difficulties,  though  not  mentioned  in 
detail,  were  anticipated  by  the  writer,  who  freely  admits  that  the  present 
system  is  somewhat  easier  of  application,  especially  to  the  surveyor. 
Whether  the  argument  constitutes  sufficient  ground  for  retaining  a  faulty 
system  is  a  matter  of  opinion,  but  the  objection  is  not  so  serious  as  it  may 
seem.  Precise  accuracy  is  not  of  vital  importance.  The  use  of  a  plani- 
meter  on  the  sheer  draught  would  make  very  short  work  of  such  a  calcu- 
lation, and  on  the  scrieve  board  itself  the  ordi nates  for  checking  actual 
areas  at  a  few  stations  might  be  obtained  almost  as  quickly  as  the  half 
girths.  Most  builders  would  rightly  object  to  submit  a  body  plan,  such  a 
course  being  quite  unnecessary,  to  say  the  least.  The  form  of  the  vessel 
is  private  property;  all  that  is  required  is  the  t'<?/wmg  of  displacement, 
regardless  of  form.  Taking  the  ship  on  a  level  keel,  a  curve  of  sectional 
areas  could  be  submitted  simultaneously  with  total  displacement,  and  the 
surveyor  could  check  all  or  any  one  he  might  chose.  In  reply  to  the 
speaker's  remarks  as  to  load-line  administration,  the  writer  could  not  do 
better  than  repeat  the  concluding  sentence  of  Mr.  MacoH's  speech. 
Coming  next  to  the  hypothetical  case  of  materially  increasing  a  (presumably 
"well-deck")  ship's  displacement,  it  is  very  doubtful  whether  anyone  but 
the  shipowner  himself  would  regard  it  as  a  curious  thing  if  the  registry 
were  to  demand  increased  strength.  Curious  or  not,  such  a  demand  would 
be  perfectly  reasonable,  if  the  additional  load  were  attended  by  additional 
strains  on  the  structure,  as  it  probably  would  be. 

Mr.  Hok  questioned  the  accuracy  of  the  statement  that  actual  capacity 
represented  the  earning  power  of  a  ship.  It  may  or  may  not,  according 
to  circumstances,  but  for  the  last  fifty  years  such  has  been  the  theory  of 
the  Enghsh  tonnage  law,  which  has  admittedly  fulfilled  its  purpose  better 
than  any  previous  system.  Dead-weight  cargoes  represent  only  one  class, 
and  are  not  always  the  most  profitable  in  proportion  to  space  occupied. 

The  writer's  thanks  are  specially  due  to  the  President,  who  on  his 
behalf,  kindly  explained  to  non-tcciinical  enquirers  the  principle  of  varia- 
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tiuus  in  loagitiulinal  bending  momcDt.  The  PrGsidem.'g  weightj  remarks 
at  ihe  close  of  the  discuHBioD  rannot  Ml  to  meet  with  nnqaaliticd  ii[iproval, 
Friiin  the  standpoint  nf  the  paper  itself,  however,  it  nill  be  i^^ii  that 
merely  making  the  loiul-liiie  a  cnndition  of  cIuMiGcutiou  wuuld  not  b;  *nj 
means  satisfy  the  nritcr's  dajtn  for  a  displacemenl  factor  in  rc^iud  to 
scantlii)gs,  though  it  would  undoubtedly  be  a  step  in  that  direction.  That 
step  mnet  soouct  or  lalcr  k-  Cul«;n  in  the  iatercsts  of  British  aliippin^.  iind 
the  wioner  the  better.  The  nest  step  will  be  the  asBuciation  of  a  more  or 
less  definite  displacement  with  that  definite  load-line. 

Co3iacsiOATin.v  pbom  the  Pbesidkst  (Mb.  Wiqram  Eichasobon). 

Mr.  John  Dnckitt,  Secretary. 

North- East  Cuast  InsUtntion  of  Engineers  and  Shipbailders. 

Deak  Sir, — Yon  advise  me  that  exception  has  been  taken  to  my 
remarks  At  our  condnding  meeting  in  the  sense  tliat  tfac  arguments  of 
Meiisrs.  Phillips  and  Coartier-Duttoa  were  not  answered.  The  said 
remarks  were  called  forth  by  an  allusion  in  Mr,  J.  Pctree'a  paper  to  my 
opening  address,  in  which  I  said : — 

"Most  of  the  vessels  bnilt  in  this  country  arc  classed  at  Lloyd's,  and 
the  apportionment  of  the  mnterml  is  regulated  by  their  rales,  which,  it 
cannot  be  loo  often  repeated,  are  nn fortunately  and  uniulentfonally  a 
premium  on  inferior  motlcls.  Lloyd's  rales  for  the  framing,  etc.,  of  a  ship 
are  approsimately  Itasod  on  the  ffirt/i  of  the  mid-ship  section  measured  up 
to  the  derk,  with  some  handicapping  in  favour  of  square  bilges,  while  the 
plating,  etc.,  is  regulated  by  an  approximation  to  the  surface,  also 
measured  /o  the  deck,  and  also  subject  to  handicapping  in  favour  of  models 
of  box-like  form.  The  basis  of  these  regnlations  is  bad  enough  in  itself, 
anil  it  is  made  worse  by  the  action  of  our  Government,  which  fiied  upon 
a  maximum  load-line  beyond  which  British  shipowuci'S  cannot  load  their 
vessels.  This  restn'ction  practically  does  not  apply  to  foreign  steamers, 
not  even  when  they  load  in  British  ports.  In  my  position  I  cannot  very 
well  say  all  that  I  know  alxiut  foreign  steamei's  and  their  loading,  but 
that  they  do  load  deeper  than  the  regulation  load-line  is  a  matter  of 
n-itoriety.  We  cannot  doubt  but  that  our  shipbuilding  colleagues  who 
have  been  elected  to  the  sub-committee  of  Lloyd's  will  take  this  matter 
up  and  sec  that  it  is  put  right,  so  far,  at  least,  as  Lloyd's  are  able  to  put 
it  right.  What  I  personally  have  always  contended  for  is  that  the  load- 
line  should  be  a  londi/ion  of  tk-e  classification,  as  it  now  is  with  awning- 
decked  steamci'S,  and  that  if  scantlings  are  to  be  based  on  the  girth  and 
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the  surface,  that  the  girth  and  the  surface  respectively  should  be  taken  to 
the  load  water-line  and  not  to  the  deck,  and  that  then  what  are  called  the 
numerals  should  be  adjusted  accordingly." 

^  I  find  that  Mr.  Petree  has  himself  answered  most  of  the  points,  but  as 
I  do  not  wish  either  Mr.  Phillips  or  Mr.  Courtier-Dutton  to  have  any 
cause  of  complaint  I  will  add  a  few  lines.  Mr.  Phillips  says  that  nothing 
has  ever  been  formulated.  This  is  probably  because  the  principle  should 
be  first  recogijised;  but  the  following,  perhaps,  will  convey  the  bare 
outline  of  what  has  been  advanced  as  one  way  at  least  of  treating  the 
matter. 

If  it  be  conceded  that  a  ship  of  10,000  tons  gross  register  should  have 
heavier  scantlings  than  one  of  5,000  tons,  and  of  5,000  tons  again  heavier 
than  one  of  100,  it  will  probably  be  also  conceded  that  as  true  and  con- 
venient a  basis  for  classifying  or  grading  the  different  sizes  as  could  be 
hit  upon  would  be  the  loaded  weight  of  each  ship,  or,  in  other  words,  the 
loaded  displacement.  Whether  you  regard  your  vessel  bumping  against 
a  quay,  or  a  sea  striking  her,  or  the  various  hogging,  sagging,  wracking, 
and  twisting  strains  to  which  she  will  be  subjected,  you  will  find  it  difii- 
cult  to  hit  upon  a  fairer  basis  of  comparison.  It  is  a  truer  basis  of 
comparison  than  Lloyd's  present  practice,  which  hardly  takes  into  account 
the  fulness  of  the  model y  nor,  what  is  still  more  impoitant,  the  draught  of 
water,  except  in  an  indirect  way  in  small  allowances  for  freeboard  and  in 
special  types  such  as  awning-decked  steamers. 

The  alteration  proposed  hinges  mainly  on  the  question  of  load-line. 
Mr.  McGlashan  said  Lloyd's  cannot  make  the  load-line  a  condition  of 
classification  on  account  of  the  competition  of  other  registries.  This,  I 
trust,  is  not  the  view  taken  by  Lloyd's  Committee. 

The  alterations  to  the  present  system  need  not  be  very  great.  Let  us 
take  the  tables  beginning  with — 

6.  and  S.  1.  Frames,  Eeverse  Bars,  etc. — The  principle  of  basing  these 
on  their  own  length  would  be  improved  by  also  taking  into  account  the 
weight  the  ship  has  to  carry.  To  meet  this,  in  lieu  of  the  half  girth  + 
the  half  beam  +  the  depth,  take  the  whole  girth  measured  to  the  ivater- 
li7ie*  and  rectify  the  column  of  scantlings.  Our  object  is  not  to  reduce 
scantlings,  and  therefore  the  numerals  must  be  rectified.  The  floors, 
bulkheads,  and  pillars  might  follow  the  same  numerals,  or  they  could  be 
otherwise  treated. 

G.  and  S.  4.  Beams. — The  scantlings  of  these,  depending  on  their  own 
length,  need  not  be  altered. 

*  In  the  case  of  a  large  side  above  the  water-line,  provide  for  efficient  stiffening. 
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G.  8.  EivetinK- — This  need  not  be  altorcd. 

G.  Hsd  S.  2,  S,  5,  and  6. — The  niimGralB  in  these  tallies  -.nit  now 
bnsotl  on  the  prodnct  of  the  nnmcmls  in  Tabic  G.  nnd  S.  1.  and  the 
ienn:th  of  the  ship.  Under  tlie  proposed  ayatcm  there  are  two  coorses 
0[)en  : — 

(n)  To  take  tlie  amended  numerals  of  Table  G.  or  S.  1.  (i.e.,  the  length 
of  the  whole  girth  measai'ed  to  the  load-line)  and  multiply  the 
same  by  the  vesaerB  length.  This  would  be  following  Lloyd's 
present  practice,  the  alterations  to  Tables  0.  and  S.  I.  beiog 
embodied. 

(ft)  To  ranltiply  the  load  displacement  in  tooa  by  the  length  of  the 
vessel  (in  feet),  and  divide  by  the  depth  of  the  girder.  The 
depth  rather  than  the  breadth  of  l«am  should  be  taken, 
because  in  ships  the  depth  is  almost  always  the  weakest  cross 
measurement  of  the  girder. 

The  difference  between  the  two  proposals  (n)  and  {b)  is  very  essential. 
Mr.  Conrtier-Dutton  quoted  the  iiathority  of  the  late  William  John. 
Though  not  always  agreeing  with  that  gentleman,  I  may  note  that  be 
wrote  as  follows : — 

"In  the  calculations  which  I  have  laid  before  you,  the  tension  per 
square  inch  on  the  up[>cr  works  of  a  voaael  of  3,000  tons  appears  to  be 
one  and  a  half  times  as  gtvat  aa  that  on  a  ship  of  1,5U0  tons,  twic?  bb 
great  as  on  a  700  ton  ship,  and  five  times  as  _great  as  in  a  little  vessel  of 
100  tons  of  the  same  proportionate  dimensions." — Insi.  Naval  Architects, 
Vol.  XV. 

This  is  only  what  is  to  be  expected  if  the  scantlings  are  r^nlated  by 
Lloyd's  present  rules.  It  would  also  be  the  case  if  the  system  {a)  as  above 
were  adopted. 

By  the  formula  (S)  a  very  much  nearer  relative  approiimation  would 
be  attained  of  the  strength  required  to  resist  the  various  bending  and 
twisting  strains  to  which  the  ship  would  be  subjected.  It  would  have  the 
effect  of  adding  relatively  to  the  scantlings  of  large  ships.  I  believe  that 
since  the  losses  of  the  large  steamers  in  the  Atlantic  trade  about  twenty 
ycai-8  ago,  experience  luis  led  Lloyd's  Committee  to  anticipate  this  by 
increasing  considerably  the  scantlings  of  large  steamers  in  various  details. 
If  the  committee  did  not  see  its  way  to  adopt  in  its  entirety  the  traer 
formula  (b),  a  half-way  house  can  always  be  found  either  by  varying  the 
power  of  any  factor,  or  by  allowing  a  certain  constant  (a  sixteenth  or  a 
twentieth  of  an  inch  or  whatever  it  might  be)  for  corrosion,  or  by  modify- 
ing the  scantlii^  tables.    At  the  present  time  if  the  so-called  DDmerals 
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are  taken  to  represent  successive  steps  of  strains,  the  strengths  of  the 
frame  angles  and  reverse  bars  (if  their  size  as  well  as  their  weight  be 
calculated)  increase  in  a  much  greater  ratio.* 

In  any  case,  however,  the  change  will  be  nothing  like  the  leap  which 
Lloyd's  took  some  twenty  years  ago.  Then  they  based  their  tables  for 
scantlings  upon  the  under-deck  register  tonnage,  while  the  Veritas,  if  I 
recollect  rightly,  based  theirs  on  the  length,  breadth,  and  depth  multiplied 
together.  Both  societies,  in  fact,  varied  their  scantlings  as  the  cube  of 
the  increase  in  size,  or,  as  we  may  say,  as  the  cube  of  the  dimension.  It 
was  a  huge  leap  down  to  go  from  this  to  the  first  power  (as  regards  the 
framework),  and  as  the  second  power  (as  regards  the  plating  and  stringers), 
or  in  other  words  to  alter  the  basis  of  the  framework  scantlings  from  the 
tonnage  to  the  cube  root  of  the  tonnage.  And  yet,  this  is  what  it 
amounted  to  as  between  vessels  of  the  same  proportions.  To  anyone  with 
an  engineering  or  mathematical  training,  the  difference  between  the  first 
power  and  the  cube  is  something  altogether  radical  and  enormous. 
Probably  the  committee  at  Lloyd's  never  knew  exactly  what  was  the 
nature  of  the  change  which  was  being  effected,  but  1  shrewdly  suspected 
that  some  of  the  staff  knew  better,  and  began  to  realise  in  the  face  of 
what  was  being  built  at  that  epoch  that  it  would  not  do  to  attempt  to 
build  Atlantic  liners,  let  alone  Great  Easterns,  if  they  calculated  the 
scanthngs  advancing  by  the  cube  of  the  dimension.  However  this  may 
be,  I  myself  never  heard,  either  officially  or  semi -officially,  any  other 
reason  given  for  the  change  save  this,  that  it  was  impossible  to  tell 
until  the  ship  was  completed  and  measured  what  the  under-deck  register 
tonnage  would  exactly  turn  out  to  be  ! 

I  will  now  refer  to  Mr.  Courtier-Dutton's  objections.     He  seems  to 

*  It  would  take  far  more  than  these  few  pages  to  go  thoroughly  into  the  question 
of  scantlings.  It  is  often  imagined  that  the  strengths  increase  pari  passu  with  the 
numerals.     But  take  for  example  the  table  for  steel  frames  and  reverse  bars. 

NumeralB.  Spacing.  Frames.  Weight  per  Foot. 

31  to    37  20  ins.  2i  x  2i  x  ^  4*04  lbs. 

116  to  120  26  „  7    X  3i  X  i{}  17*00  „ 

Reverse  Bars.  Weight  per  Foot. 

31  to    37  2^  X  2^  X  ^  3-61  lbs. 

116  to  120  4  X  4    X  i«  13-60   „ 

Adding  together  the  weights  per  foot  of  the  frames  and  of  the  reverse  bars  we 
have  this  sort  of  proiwrtion : — 

Average  Numeral     ...       34  Weight     ...       7*65  lbs. 

jj  ft  ...      11  fj  ti  ...      oU'UO     ,« 

By  which  it  would  seem  that  the  weight  increases  in  u  somewhat  greater  mtio  than  do 
the  numerals;  but  as  the  depth  of  the  Z  is  in  the  one  c^e  from  2^  to  3  inches  and  in 
the  other  from  7  to  7^  inches,  it  is  evident  that  the  strength  of  the  framework  increases 
in  a  ratio  altogether  different  from  the  numerals. 
I  merely  note  this  point  without  discussing  it. 
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think  that  the  digpliicenient  basis  would  be  inconvenient  to  the  builder 
aud  cauae  delay.  This  impression  also  aeems  to  be  in  the  luind  of  Lloyd's 
chief  surveyor.  Pi'obahly  it  is  the  exact  opjwsite  of  the  fact.  In  almost 
every  case  when  a  builder  designs  a  ship,  whether  to  carry  cargo  or  not, 
he  has  to  estimate  the  displacement  before  he  even  knows  the  dimen- 
sions. Wherefore,  in  submitting  a  section  to  Lloyd's  it  would  evidently 
save  time,  and  in  nowise  cause  delay,  were  the  builders  re'^uired 
simply  to  give  the  displacement,  in  lieu  of  some  of  the  other  particiil&rs 
required. 

Now,  it  is  evident  that  no  I'espectable  firm  would  ever  dream  of 
misrepresenting  the  displacement,  but  of  course  the  surveyors  for  the  sake 
of  good  order  should  be  placed  in  a  position  to  check  it  readily.  This 
could  be  done  without  even  submitting  the  lines  of  the  vessel,  which  may 
rightly  be  considered  to  be  the  exclusive  property  of  the  builder.  All 
that  he  would  be  required  to  do  would  be  to  submit  before  the  vessel  is 
in  frames,  say  five  sections  as  shown  (Figa.  1,  2, 3,  Plate  LV.),  the  area  of 
which  he  must  undertake  not  to  e-xeeed  in  the  ship  to  be  built.  These 
nrcas  could  be  checketl  from  the  scrieves  on  the  boards,  or  otherwise  the 
baildvr  might  be  calliid  upon  to  paint  these  frames  a  different  colour,  if 
required,  and  to  make  a  framework  of  laths  (Fig.  1,  Plate  LV.),  which  would 
be  set  np  against  each  ol'  the  five  frames  Hucccssively.  The  surveyor 
could  measure  this  framu  when  laid  on  the  ground.  Snch  assistance  to  tho 
sun'eyor  would  be  readily  granted  in  any  yard,  and  the  five  sectiouB 
would  be  ample  to  gi\e  an  approxim^ite  displacement.  In  fact  the  dis- 
placement dcdnctd  from  them  might  be  called  the  displacement  for  the 
purpose  of  cUtibiJication.  I  think  Mr.  Courtier-Dntton  will  allow  that 
there  is  nothing  alarming  about  this. 

Cases  may  occur  in  which  the  builder  is  unwilling  or  unable  either  to 
give  either  the  displacement  or  the  load-line.  In  such  exceptional  cases 
the  committee  would  naturally  form  their  own  opinion,  and  assign  a 
maximum  coefficient  of  fulness  and  a  load-hne. 

Lastly,  there  is  Mr.  Courtier-Dutton's  objection  as  to  the  freeboard. 
This  deserves  our  best  attention,  for  Mr.  Courtier- Dutton  is  known  to 
have  had  a  special  experience  herein.  Now,  ii  must  be  remembered  that 
the  present  Load-Line  Act,  53  Vict ,  cap.  9, 1890,  is  avowedly  based  npon 
surplus  buoyancy,  and  the  under-deck  tonnage  has  been  taken  in  defanlt 
of  knowing  the  displacement.  It  moreover  gives  powers  to  the  Board  of 
Trade  to  modil'y  the  table,  and  on  a  request  from  Lloyd's  or  Veritas,  or 
from  any  similar  corporation,  the  Boai-d  would  doubtlesis  allow  displaco- 
ment  to  be  taken  in  lieu  of  under-deck  tonnage. 
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Even,  howTever,  if  following  literally  the  present  complicated  practice, 
there  is  surely  no  real  diflBculty.  Builders  now  either  take  out  the  new 
tonnage  and  fix  the  freeboard  at  the  time  the  ship  is  designed,  as  my 
firm  does,  or  they  leave  it  to  be  determined  by  the  surveyor  after  the 
under-deck  register  tonnage  has  been  ascertained. 

Suppose  now,  firstly,  that  the  assigned  freeboard  agrees  with  the 
designed  load-line,  there  is  evidently  no  harm  done. 

Secondly,  that  the  assigned  freeboard  is  less  than  desired  in  the 
builder's  design,  evidently  again  no  one  can  complain. 

Thirdly,  that  the  assigned  freeboard,  is  more  than  the  builder  designed 
to  give.  In  this  case,  as  now,  the  builder  would  find  he  had  over- 
estimated what  the  Act  allows,  and  he  would  in  so  far  suffer,  as  he  does 
now,  but  with  the  additional  suffering  of  having  made  his  vessel  rather 
heavier  than  strictly  required  for  the  class.  This  last  case  would  only 
happen,  however,  to  those  builders  who  either  have  not  a  staff  sufficient 
to  make  calculations,  or  whose  staff  made  an  error  in  the  calculations. 
So  that,  even  if  the  tonnage  table  continued  to  be  enforced  without  the 
obvious  substitution  of  displacement  for  tonnage,  although  the  builders 
might  have  to  bear  this  responsibility,  it  is  not  so  great  as  the  many 
guarantees  which  they  now  undertake  regarding  capacity,  dead-weight, 
speeQ,  CuC. 

Lastly,  Mr.  Courtier-Dutton  said  that  at  present  owners  may  stiffen 
up  the  bridge  bulkhead  and  other  minor  additions,  and  get  an  increased 
displacement  without  increasing  the  general  scantlings  of  the  hull.  In 
reply  to  this,  we  may  submit  that  if  the  committee  are  justified  in 
allowing  these  alterations  now,  they  would  be  equally  so  justified  under 
the  new  system.  If  it  be  right  in  the  one  case  it  must  be  equally  right 
in  the  other.  If  it  be  right  to  allow  a  vessel  built  with  any  given 
scantlings  to  load  deeper  than  her  originally  designed  draught  without 
increasing  her  general  scantlings,  the  special  rule  or  system  which  may 
have  been  employed  to  determine  her  scantlings  cannot  affect  the  right- 
ness  or  the  wrongness  of  such  a  concession  of  diminished  ireeboard.  But 
under  the  new  system  we  might  expect  a  more  liberal  freeboard  to  be 
generally  adopted,  since  an  addition  to  the  height  above  the  water  would 
not  involve  an  increase  in  the  scantlings.  In  some  cases  it  would  even 
reduce  the  scantlings. 

I  trust  that  the  members  of  our  Institution  will  excuse  this  long  letter 
which  I  have  written,  so  as  to  avoid  every  semblance  of  a  want  of 
courtesy,  or  of  a  hesitation  fairly  to  meet  the  arguments  advanced  in  a 
fair  discussion. 

VOL.  ^FiL-isei.  2  ^ 
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Mr.  llok  }]a9  suggested  that  a  comiuitti-e  of  oiir  Insti  tnbioa  be  appointed 
to  take  this  subject  in  hand  in  a  more  exhaustive  manner,  and  I  propose 
to  lay  hie  soggestion  before  onr  Coiincil, 

Yours  truly, 

Wigwam  Riohakdson. 

Preside}!/. 
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CLOSING  BUSINESS. 


ALTERATION  OF  CONSTITUTION  AND  BYE-LAWS. 

The  President,  on  behalf  of  the  Council,  moved  that  the  following 
alterations  be  made  in  the  Articles  of  Constitution  and  the  Bye-Laws : — 
The  proposed  alterations  are  printed  in  italics. 

Constitution. 

X. — Paragraph  3  to  read  as  follows : — 

The  retiring  Vice-Presidents  shall  be  eligible  for  re-election.  The 
retiring  Councilmen  shall  not  be  eligible  for  re-election  to  the  same 
offices  until  after  an  interval  of  one  year,  but  shall  be  eligible  for  election 
to  any  other  office. 

Bye-Laws. 

31. — The  following  Sub-Committees  shall  be  appointed  annually  at 
the  first  meeting  of  the  Council  in  each  session : — (1 )  A  Finance  Com- 
mittee, to  consist  of  seven  persons,  viz.:  one  Past-President  or  Vice- 
President,  who  shall  be  Chairman ;  five  Councilmen,  and  the  Honorary 
Treasurer  of  the  Institution ;  three  of  whom  shall  form  a  quorum.  The 
Treasurer  shall  be  empowered  to  pay  all  amounts  due  from  the  Institution 
which  are  under  two  pounds.  All  amounts  of  two  pounds  and  upwards 
shall  be  paid  by  cheque,  signed  by  the  Chairman  of  the  Finance  Com- 
mittee (or  in  his  absence,  by  the  President  or  a  Past-President),  the 
Secretary,  and  the  Honorary  Treasurer,  (2)  A  Reading  Committee,  to 
consist  of  six  members  of  Council.  No  member  who  has  seized  on  this 
Committee  for  three  years  in  succession  shall  be  eligible  for  re-election  until 
after  an  interval  of  one  year.  (3)  A  Library  Committee,  in  accordance 
m(h  Library  Bye-Latvs  Nos.  1  and  3. 

36. — Old  Rule  to  be  rescinded  and  the  following  to  be  inserted : — 
The  Secretary  shall  send  to  each  speaker  as  soon  as  possible  after  a  General 
Meeting  a  copy  in  manuscript  of  the  speaker's  oivn  remarks  for  correction. 
This  copy  must  be  returned  to  the  Secretary  tvithin  four  days,  A  printed 
proof  will  also  be  sent  to  each  speaker  for  further  revision;  this  must  be 
returned  to  the  Secretary  within  three  days,  otherunse  it  will  be  deemed 
correct,  and  printed  off  after  receiving  verbal  corrections. 

86. — ^Add  after  the  word  "  Secretary  "  and  must  be  approved  by  the 
Reading  Committee. 


488  PItOOBEDIKOB. 

jV«c  Byf-Late  to  he  nttmhered  44 : — 

T/ti'  mj/ital,  stork,  anil  fundu  of  this  Institution  shitU  be  vetted  in  t)ie 
namen  of  thren  Trui/eeH,  to  be  eWted  from  time  to  time  ns  vaumriw  orair 
hij  (!w  tncmiiTx  of  the  fnxfitution  nt  n  Qeiteral  Meffuxg  eaihdfor  fhaf  pur- 
post.  All  moTtgagei  and  othfr  securities  shall  be  taken  in  the  tutmes  of 
mtrh  Triiufpes;  anil  on  any  new  ajt^mnimrnt  th*  fiinds  shall  iitet  in  the 
neuilj/-a}>pointeil  Trustee  m-  Trustees  Jointly  with  the  font-inuim/  or  remaininij 
Trnstee  or  Trustwu. 

The  present  Bye-Ti«w  No.  44  bIihII  be  numbered  45, 

This  waa  seconded  by  Mr.  HtrOH  Macoll,  and  carried  nnanimoDBly. 

Appoiktmest  op  AimiTOE, 

Mr.  HuQa  Macoll  had  much  pleasure  in  moving  the  rB-election  of  Mr. 
R.  W.  SiRsoN  Its  Auditor.  He  hud  given  &  very  good  account  of  their 
finiinoes  last  jeitr,  and  he  hoped  he  would  be  able  bo  do  so  again. 

Mr,  B.  G,  NiOHOL  seconded  the  proposal,  which  was  accepted. 

ElEOTION   of   OFPIOE-BEAaEBS. 

The  following  was  declared  to  be  the  result  of  the  ballot  to  fill  the 
B  on  the  Council  of  the  Institution:^ 


President — Mb,  WtonAK  RiCHAitDijON.     (Kc-elcctcd.) 

Fi'oB-iVe*vrfejj(»— MEsaea.  J.  B.  Fothbhoili.,  Johb  Pbich,  aod  Jons  Twkkdi-. 

Boa.  Treasurer— Ma.  B.  O.  NlcnoL.     (Re-eleetcU.) 

CoKitcil— Ubssbs.  Huoh  H&coll,  D.  B.  Mqbiboh,  J.  W.  Rbbd,  M.  Sahsiboh, 
and  R.  L.  Wbiqhtoh. 

The  Pbehisent  stated  that  Mr.  Johan  Johnson  had  resigned  his 
seat  on  the  Council,  and  the  Council  had  elected  Mr.  G.  E.  Maoaetht  to 
fill  his  place. 

The  Pkesident. 

The  Pbesident  said  he  wished  to  thank  the  members  of  the  Instita- 
tion  for  their  great  indulgence  to  him.  Circnmstances  had  prevented 
him  attending  very  well  during  the  past  year,  and  he  had  not  received 
one  word  of  reproach.  They  had,  moreover,  filled  up  his  cup  by  electing 
him  a  second  time.  He  hoped  the  nest  year  would  be  as  snccessfiil  as 
that  now  closing,  and  that  they  would  all  live  to  meet  in  health  and 
happiness  when  the  autumn  came  round. 

Mr.  Wm.  Boyd  eaid  he  really  thought  the  session  could  not  be  allowed 
to  conclude  without  a  recognition  of  Mr.  Richardson's  good  wishes 
towards  this  Institution  during  his  year  of  office.  It  was  all  veiy  well 
for  him  to  say  he  did  not  want  any  reeolntion  of  this  kind  proposed,  bnt 
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they  had  seen  what  he  did  at  the  beginning  and  end  of  the  session,  and 
if  unavoidable  circamstances  had  not  occurred,  he  woald  have  given 
them  the  benefit  of  his  presence  in  the  chair  during  the  whole  of  the 
session.  Although  he  had  not  been  able  to  be  present  very  much  during 
the  last  year,  still  they  most  not  allow  him  to  run  away  with  the  idea 
they  had  not  valued,  to  begin  with,  his  inaugural  address  and  &:eneral 
superintendence  exercised  over  that  Institution  during  his  year  of  office, 
otherwise  he  might  think  he  had  been  grudgingly  elected  for  another 
year.  He  (Mr.  Boyd)  having  presided  over  the  Council  meeting  when 
his  nomination  was  proposed  had  much  pleasure  in  assuring  him  that  a 
very  contrary  feeling  strongly  prevailed,  and  he  trusted  the  President 
would  allow  him  to  move  this  vote  of  thanks. 

Mr.  P.  C.  Mabbhall  had  very  great  pleasure  in  seconding  the  vote 
of  thanks  to  their  President,  and  though  he  had  not  the  pleasure  of  being 
at  the  meeting  of  the  Council  when  he  was  proposed  for  the  second  time,  he 
most  cordially  endorsed  his  re-election.  Mr.  Richardson  had  had  a  great 
many  joumeyings  to  and  fro,  and  that,  from  sad  experience,  he  knew 
also  took  up  a  very  great  amount  of  time,  and  interfered  with  the 
occupation  of  such  an  office. 

Mr.  Boyd  put  the  resolution  to  the  meeting,  and  it  was  cordially 
adopted. 

The  President — I  thank  you  very  much,  gentlemen. 
The  seventh  session  was  then  closed. 
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VISIT  TO  MESSRS.  THE  WBARnALE  IRON  AND  COAL 
COMPANr.S  WORKS  AT  8PENNTM00R. 
The  Council  of  the  Icatitiitioii  having  received  a  special  invitation 
from  MessfB.  The  Weardale  Iron  and  Coal  Company  to  visit  their  Tudboe 
works  and  collieries,  it  was  arranRcd  that  the  visit  should  take  place  on 
Wednesday,  June  8rd,  The  members  left  the  Central  Railway  Station, 
NewcaBtie-upon-Tyne,  at  9'i5  a.m.  and  arrived  at  Spennymoor  at  11  a.m., 
where  they  were  received  by  the  Dianager,  Mr.  Henry  William  Hollis,  and 
staff,  and  condacted  through  the  iron  and  ateel  works.  The  two  blast 
furnaces  were  first  visited.  These  are  85  feet  high  from  hearth  to  plat- 
i'onn  and  24  feet  C  inches  in  diameter  at  the  boslies,  each  having  a. 
capacity  of  22,000  cubic  feet.  Each  furnace  ia  tapped  every  aii  hours. 
The  hot  blast,  which  enters  each  furnace  by  six  tuyeres,  is  generated  in 
two  Cowper  regenerator  stoves.  These  are  G3  feet  high  and  23  feet  in 
diameter.  They  are  changed  every  two  houra  from  gas  to  blast  and 
virf  versd.  There  are  three  blowing  engines  to  work  the  blast,  with 
blowing  cylinders  84  inches  diameter  and  steam  cylinders  40  iuchca 
diameter,  by  5  feet  stroke,  the  pressure  of  the  blast  being  aliout  5  lbs.  to 
the  square  inch.  The  gases  genentted  within  the  furnaces  are  nsed  to 
drive  four  tniile-fliied  intf-nmlly- fired  boilora  8  feet  diameter  by  30  feet 
long,  working  at  a  pressure  of  90  lbs.  on  the  square  inch.  All  the  Bteel 
produced  at  the  works  is  made  from  the  Spanish  ores;  but,  as  the  blast 
furnaces  have  to  produce  pig  iron  both  for  the  steel  and  iron  works  and 
for  sale,  two  kinds  of  pig  are  turned  out,  viz.,  hematite  pig  irom  the 
Spanish  ores  (obtained  from  the  Eubio  and  Campanil  Mines,  Bilbao)  for 
steel  and  iron,  and  Weardale  pig  for  the  iron  works  and  general  market. 
The  analyses  of  these  pigs  are  as  follows ; — 
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By  the  manager  of  this  department  matters  were  so  arranged  that  one 
of  the  fbm&ces  was  tapped  on  the  arrival  of  the  members. 
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The  puddling  furnaces  were  next  visited.  These  are  forty  in  number, 
arranged  in  bays  and  worked  in  pairs.  A  single  furnace  has  a  capacity 
of  44  cwts.  per  charge ;  a  double  furnace,  of  which  there  are  three,  with 
mechanical  puddling,  has  a  capacity  of  12  cwts.  per  charge,  and  each  can 
take  six  charges  per  shift,  of  which  there  are  two  per  day.  There  are  two 
ball  ^naces  in  which  the  finest  bar  iron  is  made,  two  steam  hammers, 
two  helves,  and  shears  to  cut  the  puddled  bars  for  the  rolling  mills. 

In  proceeding  to  the  Siemens-Martin  steel  works  the  old  Bessemer 
steel  works  were  visited.  It  was  here  the  first  license  issued  in  connection 
with  the  Bessemer  patent  was  worked.  This  was  in  the  year  1861.  The 
original  plant  consisted  of  four  50  cwt.  converters,  with  blowing  engine 
having  steam  cylinders  32  inches  diameter  and  blowing  cylinders  42  inches 
diameter,  hydraulic  ladle-lifting  cranes,  furnaces,  and  cupolas  complete. 
These  are  now  abandoned,  and  have  been  substituted  by  the  Siemens- 
Martin  steel  works.  Seven  furnaces  are  erected  at  Tudhoe,  five  of 
20  tons  and  two  of  12  tons  capacity.  The  molten  steel  is  run  into  either 
slabs  or  ingots,  varying  in  weight  from  1^  cwt.  to  6  tons.  During  the 
visit  two  furnaces  were  tapped,  and  the  following  analysis  of  the  metal 
may  be  of  interest : — 

Weardale  SteeL 


MetftUic  iron 

99163 

Carbon 

•  •  • 

•170 

Silicon 

•009 

Manganese  ... 

•600 

Sulphur       .... 

•020 

Phosphorus... 

•038 

- 

100-000 

The  testing  house  was  next  visited.  In  this  there  are  two  testing 
machines,  one  to  work  up  to  a  strain  of  100  tons  and  the  other  50  tons. 
A  number  of  test  pieces  were  broken  and  the  fracture  examined,  which 
proved  of  considerable  interest. 

Attention  was  then  called  to  the  rolling  mills,  where  an  ingot  of  steel 
weighing  over  2^  tons  was  rolled  out  to  a  plate  1  inch  in  thickness  in  a 
few  minutes. 

The  members  then  retired  to  a  sumptuous  luncheon  provided  by  the 
company  in  the  St.  Andrew's  Hall,  Spennymoor.  After  luncheon  the 
Tudhoe  Colliery,  coke  ovens,  and  brickworks  were  visited,  and  many  of 
the  visitors  descended  into  the  pit  workings. 

At  Tudhoe  CoUiery  there  are  three  shafts  sunk  to  the  Brockwell  Scam,  a 
depth  of  88  fathoms.     Two  of  these  are  used  for  drawing  coal  and  one 
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